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1
VEHICLE AND I'TS CONTROL METHOD

This 1s a 371 national phase application of PCT/JP2009/
003076 filed 2 Jul. 2009, claiming priority to Japanese Patent
Applications No. JP 2008-233592 filed 11 Sep. 2008, and JP
2008-234560 filed 12 Sep. 2008, respectively, the contents of
which are imcorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a vehicle and 1ts control
method.

BACKGROUND ART

In recent years, the development of a vehicle that moves
with a passenger riding thereon has been 1n progress (Patent
literatures 1 and 2). For example, 1n Patent literatures 1 to 3,
a force sensor (pressure sensor) 1s provided on a riding sur-
face (seat surface) on which a passenger rides. Then, the
wheels are driven based on the output from the force sensor.
That 1s, the force sensor serves as operation means for per-
forming an inputting operation.

In the vehicle disclosed 1n Patent literature 1, the vehicle
moves by shifting the body weight toward the direction the
passenger wants to move. For example, when the passenger
wants to move forward, the passenger inclines his/her upper
body forward. That 1s, the passenger takes a forward-inclined
posture. Then, by taking the forward-inclined posture, the
force exerted onthe passenger seat 1s changed. Then, the force
sensor detects this force. The spherical tire 1s driven based on
the detection result of the force sensor. As shown in FI1G. 14 of
Patent literature 1, inverted pendulum control 1s performed
while the passenger i1s sitting on the passenger seat. Patent
literature 2 discloses a wheelchair-type vehicle. This vehicle
1s equipped with a chair and a footrest.

Further, Patent literature 3 discloses a vehicle that actively
detects the motion of the user and autonomously moves
according to the detected motion. For example, it calculates
the center of gravity of the user by using a plurality of pressure
sensors. The wheelchair-shaped vehicle moves according to
the detected position of the center of gravity (FIG. 2).

Further, Patent literature 4 discloses an interface apparatus
that 1s used to operate a bipedal-walking-type vehicle. This
interface apparatus has a chair-like shape. Further, a plurality
ol force sensors 1s provided on the backrest surface and the
seat surface. The interface apparatus detects the rotation of
the passenger's pelvis by using four force sensors to estimate
the walking intention. Then, 1t drives both legs according to
the walking intention estimated by the force sensors. Further,
this interface apparatus 1s equipped with a footrest.
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2
SUMMARY OF INVENTION

Technical Problem

In Patent literatures 1 to 3, the vehicle moves based on the
posture of the passenger riding on the vehicle. In this way, 1t
1s possible to perform an operation according to the environ-
ment 1n which the vehicle can travel. For example, the pas-
senger can operate the vehicle in the following manner. When
the passenger wants to move forward, the passenger moves
his/her upper body forward. That 1s, the passenger takes a
forward-inclined posture. As a result, the position of the cen-
ter of gravity shiits forward and the force exerted on the force
sensor 1s thereby changed. In this way, the sensor detects a
forward-movement 1input. On the contrary, when the passen-
ger wants to move backward, the passenger takes a backward-
inclined posture. As a result, the position of the center of
gravity shifts backward and a backward-inclination 1mput 1s
detected. Further, when the passenger wants to move to the
lett or right, the passenger shiits the center of gravity to the
left or right. As aresult, a left or right turn 1nput 1s detected. In
this way, the vehicle can travel according to the turning input,
forward-movement mnput, and backward-movement input.

However, 1n the case of vehicles 1n which the force sensor
1s disposed on the riding surface on which a passenger rides,
there 1s the following problem. For example, assume that the
vehicle 1s moving to a forward-right direction. In such a
situation, 11 the vehicle has a fixed mechanical configuration,
the passenger 1s subjected to a centrifugal force. As a result,
the passenger inclines his/her posture excessively to the for-
ward-right direction and the vehicle 1s thereby accelerated.
Alternatively, there 1s a problem that the upper body 1s
swerved to the outer side, and therefore the passenger cannot
move the vehicle to the forward-right direction according to
his/her intention. That 1s, since the actual input to the force
sensor 1s not conveyed to the passenger, the passenger can
hardly know how much operation he/she has made by intu-
ition. In particular, when a centrifugal force 1s exerted, it 1s
very difficult to operate the vehicle to the direction to which
the passenger wants to move.

As described above, there 1s the problem 1n the conven-
tional vehicles that 1t 1s 1mpossible to operate the vehicle as
the passenger intended.

An object of the present invention 1s to provide a vehicle
having high operability and 1ts control method.

Solution to Problem

A vehicle 1n accordance with a first aspect of the present
invention includes: a passenger seat on which a passenger
rides on; a main body that support the passenger seat; a
traveling mechanism that moves the main body; a sensor that
outputs a measurement signal according to a force exerted on
a seat surface of the passenger seat; a passenger-seat drive
mechanism that drives the passenger seat so as to change an
angle of the seat surface of the passenger seat; and a control
calculation unit that calculates a reference input used to drive
the traveling mechanism and the passenger-seat drive mecha-
nism based on a drive amount of the passenger-seat drive
mechanism, a balanced position posture of the passenger seat,
and the measurement signal from the sensor. In this way, the
passenger can ecasily grasp the operation amount, thus
improving the operability.

A vehicle in accordance with a second aspect of the present
invention 1s the above-described vehicle, further including a
posture sensing unit that outputs a signal according to a pos-
ture angle of the vehicle, wherein the balanced position pos-
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ture of the passenger seat 1s changed according to an output of
the posture sensing unit. In this way, the vehicle can move
with a proper operation amount.

A vehicle 1n accordance with a third aspect of the present
invention 1s the above-described vehicle, wherein the balance
position posture of the passenger seat 1s changed so that a
riding surface of the passenger seat becomes horizontal. In
this way, the riding quality can be improved.

A vehicle 1n accordance with a fourth aspect of the present
invention 1s the above-described vehicle, wherein the balance
position posture of the passenger seat 1s unchanged irrespec-
tive of a traveling state of the vehicle. In this way, the oper-
ability can be easily improved.

A vehicle i accordance with a fifth aspect of the present
invention 1s the above-described vehicle, wherein a target
drive amount of the passenger-seat drive mechanism 1s cal-
culated based on the drive amount of the passenger-seat drive
mechanism, the balanced position posture of the passenger
seat, and the measurement signal from the sensor, and a
torward/backward movement speed of the vehicle 1s calcu-
lated based on the target drive amount of the passenger-seat
drive mechanism. In this way, the vehicle can move at a
proper speed.

A control method for a vehicle 1n accordance with a sixth
aspect of the present mvention 1s a control method for a
vehicle including: a passenger seat on which a passenger rides
on; a main body that support the passenger seat; a traveling
mechanism that moves the main body; a sensor that outputs a
measurement signal according to a force exerted on a seat
surface of the passenger seat; and a passenger-seat drive
mechanism that drives the passenger seat so as to change an
angle of the seat surface of the passenger seat, the control
method 1ncluding: a step of mputting a balanced position
posture of the passenger seat; and a step of calculating a
reference input used to drive the traveling mechanism and the
passenger-seat drive mechanism based on the measurement
signal from the sensor, the balanced position posture, and a
drive amount of the passenger-seat drive mechanism.

A control method 1n accordance with a seventh aspect of
the present invention 1s the above-described control method,
wherein a signal according to a posture angle of the vehicle 1s
output by a posture sensing unit provided 1n the vehicle, and
the balanced position posture of the passenger seat1s changed
according to an output of the posture sensing unit.

A control method 1n accordance with an eighth aspect of
the present invention 1s the above-described control method,
wherein the balance position posture of the passenger seat 1s
changed so that a nding surface of the passenger seat becomes
horizontal.

A control method 1n accordance with a ninth aspect of the
present invention 1s the above-described control method,
wherein the balance position posture of the passenger seat 1s
unchanged 1rrespective of a traveling state of the vehicle. In
this way, the operability can be easily improved.

A control method 1n accordance with a tenth aspect of the
present invention 1s the above-described control method,
wherein a target drive amount of the passenger-seat drive
mechamism 1s calculated based on the drive amount of the
passenger-seat drive mechanism, the balanced position pos-
ture of the passenger seat, and the measurement signal from

the sensor, and a forward/backward movement speed of the
vehicle 1s calculated based on the target drive amount of the
passenger-seat drive mechanism. In this way, the vehicle can
move at a proper speed.
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Advantageous Effects of Invention

In accordance with the present invention, 1t 1s possible to

provide a vehicle having high operability and 1ts control
method.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a front view schematically showing a vehicle 1n
accordance with the present invention;

FIG. 2 15 a side view schematically showing a vehicle 1in
accordance with the present invention;

FIG. 3 1s a diagram for explaiming a motion around each
axis;

FIG. 4 1s a block diagram showing a control system used to
move a vehicle;

FIG. 5 15 a perspective view showing a configuration used
to change the posture of a vehicle;

FIG. 6 1s a flowchart showing control of a vehicle 1n accor-
dance with a first exemplary embodiment;

FIG. 7 1s a flowchart showing compliance control 1n a
vehicle 1n accordance with a first exemplary embodiment;

FIG. 8 1s a flowchart showing control of a vehicle 1n accor-
dance with a second exemplary embodiment;

FIG. 9 1s a flowchart showing compliance control 1n a
vehicle 1n accordance with a second exemplary embodiment;

FIG. 101s a diagram for explaining the posture of a vehicle
when the vehicle moves on a downward slope;

FIG. 11 15 a block diagram showing a control system used
to move a vehicle;

FIG. 12 shows a state where a passenger 1s on a passenger
seat;

FIG. 13 shows the posture of a passenger and mput direc-
tions;

FIG. 14 1s a side view for explaining the posture of a
passenger and an mput moment value 1n a third exemplary
embodiment;

FIG. 15 1s a side view for explaining the posture of a
passenger and an input moment value 1n a fourth exemplary
embodiment;

FIG. 16 1s a side view for explaining the posture of a
passenger and an input moment value 1n a fourth exemplary
embodiment;

FIG. 17 1s a side view schematically showing a configura-
tion of a footrest used 1n a vehicle 1n accordance with a fifth
exemplary embodiment;

FIG. 18 1s a flowchart showing a control method for a
vehicle 1n accordance with a fifth exemplary embodiment;

FIG. 19 shows a position of the center of gravity in a state
where a passenger does not hold any baggage;

FIG. 20 shows a position of the center of gravity 1n a state
where a passenger holds a baggage;

FIG. 21 1s a flowchart showing a control method for a
vehicle 1n accordance with a sixth exemplary embodiment;

FIG. 22 1s a top view showing a configuration of a tactile
sensor provided on a seat surtace;

FIG. 23A 1s a top view showing a deviation of a niding
position on a seat surface;

FIG. 23B 1s a top view showing a deviation of a riding
position on a seat surface;

FIG. 23C 15 a top view showing a deviation of a riding
position on a seat surface;

FIG. 24 1s a flowchart showing a control method for a
vehicle 1n accordance with an eighth exemplary embodiment;

FIG. 25 15 a top view showing a static stability area of a
vehicle;




US 8,504,248 B2

S

FIG. 26 1s a block diagram showing a configuration a
control system of a vehicle 1 accordance with an eighth

exemplary embodiment;

FIG. 27 1s a flowchart showing a control method for a
vehicle 1n accordance with an eighth exemplary embodiment;

FI1G. 28 15 a side view showing a configuration of a footrest
used 1 a vehicle 1n accordance with an eighth exemplary
embodiment;

FIG. 29 1s a side view showing an aspect of a vehicle
moving on an inclined surface;

FIG. 30 1s a diagram for explaining an aspect of a vehicle
moving on an inclined surface when an ofiset 1s given to the
vehicle; and

FIG. 31 1s a flowchart showing a control method of a
vehicle 1n accordance with a ninth exemplary embodiment.

DESCRIPTION OF EMBODIMENTS

Exemplary embodiments of a compact vehicle 1 accor-
dance with the present invention are explained herematter 1in
detail with reference to the drawings. However, the present
invention 1s not limited to the following exemplary embodi-
ments. Further, the following description and the drawings
are simplified as appropriate for clarifying the explanation.
<QOverall Configuration>

An overall configuration of a vehicle 1 i accordance with
the present invention 1s explained with reference to the draw-
ings. Firstly, an overall configuration of the vehicle 1 1s
explained with reference to FIGS. 1 and 2. FIG. 1 1s a front
view schematically showing a configuration of the vehicle 1,
and FI1G. 2 1s a side view schematically showing the configu-
ration of the vehicle 1. Note that 1n each of FIGS. 1 and 2, an
orthogonal coordinate system composed of XY Z axes 1s also
illustrated. Y-axis represents the left/right direction of the
vehicle 1; X-axis represents the forward/backward direction
of the vehicle 1; and Z-axis represents the vertical direction.
Theretfore, X-axis corresponds to the roll axis; Y-axis corre-
sponds to the pitch axis; and Z-axis corresponds to the yaw
axis. In FIGS. 1 and 2, the explanation 1s made on the assump-
tion that +X direction represents the forward direction of the
vehicle 1. Note that the overall configuration of the vehicle 1
shown 1n FIGS. 1 and 2 1s basically common throughout all
the exemplary embodiments explained below.

As shown 1n FIG. 1, the vehicle 1 includes a riding portion
3 and a chassis 13. The chassis 13, which 1s the main body of
the vehicle 1, supports the riding portion 3. The chassis 13
includes a posture sensing unit 4, wheels 6, a footrest 10, a
housing 11, a control calculation unmit 51, a battery 52, and the
like. The wheels 6 include a front wheel 601 and rear wheels
602. In this example, a three-wheel type vehicle 1 including
one front wheel 601 and two rear wheels 602 1s explained.

The riding portion 3 includes a passenger seat 8 and a force
sensor 9. Further, the upper surface of the passenger seat 8
serves as a seat surface 8a. That 1s, the vehicle 1 moves with
a passenger riding on the seat surface 8a. The seat surface 8a
may be formed into a flat surface, or formed into a shape
conforming to the shape of buttocks. Further, the passenger
seat 8 may be equipped with a backrest. That 1s, the passenger
seat 8 may be formed into a wheelchair-like shape. The pas-
senger seat 8 may be provided with cushionming to improve the
riding quality. When the vehicle 1 1s put on a level surface, the
seat surface 8a becomes horizontal. The force sensor 9
detects a shift of the passenger's body weight. That 1s, the
force sensor 9 detects a force exerted on the seat surface 8a of
the passenger seat 8. Then, the force sensor 9 outputs mea-
surement signals according to the force exerted on the seat
surface 8a. The force sensor 9 1s disposed below the passen-
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ger seat 8. That 1s, the force sensor 9 1s disposed between the
chassis 13 and the passenger seat 8.

For example, a six-axis force sensor can be used as the
force sensor 9. In such a case, translational forces 1n three axis
directions (SFx, SFy, SFz) and moments around the respec-
tive axes (SMx, SMy, SMz) are measured as shown 1n FIG. 3.
These translational forces and moments are represented by
values that are measured using the center of the force sensor
9 as the origin. Assuming that the measurement signals output
to the sensor processing unit of the vehicle 1 are moments
(Mx, My, Mz), and that the origin of the control coordinate of
these moments 1s located at a point (a, b, ¢) shown 1n FIG. 2,
cach of the moments Mx, My and Mz can be expressed as
shown bellow.

Mx=SMx+c-SFy-b-SFz
Myv=SMv+a-Siz—c-SFx

Mz=SMz+b-SFx-a-SFy

Note that FIG. 3 1s a diagram for explaining each axis. Any
sensor capable of measuring the moments (Mx, My, Mz) may
be used as the force sensor 9. Mx, My and Mz may be directly
measured by disposing a three-axis force sensor capable of
measuring the moments (SMx, SMy, SMz) around the
respective axes at the origin of the control coordinate. Alter-
natively, three single-axis force sensors may be disposed.
Alternatively, a strainmeter or an analog joystick using a
potentiometer may be used. That 1s, any measurement device
capable of measuring moments around three axes 1n a direct
or indirect manner may be used. Then, the force sensor 9
outputs three moments (Mx, My, Mz) as measurements sig-
nals.

Further, the passenger seat 8 includes a riding position
sensing unit 14 that detects a rniding position. The riding
position sensing unit 14 includes a plurality of tactile sensors
or the like. For example, a plurality of tactile sensors are
arranged 1n array on the seat surface 8a of the passenger seat
8. Each of the tactile sensors outputs a touch signal when an
object 1s 1n contact with 1ts upper surface. Then, the riding
position sensing unit 14 detects the riding position of a pas-
senger based on touch signals from the plurality of tactile
sensors. Specifically, a nding position that 1s obtained when a
passenger sits 1n the reference position on the seat surface 8a
1s defined as the origin. Then, a deviation of the actual nding
position of a passenger from the origin 1s detected. The devia-
tion of the riding position 1s detected for each of X-direction
and Y-direction. The riding position can be detected based on
the difference of the distribution of tactile sensors that are
outputting touch signals.

In the chassis 13, which is the main body of the vehicle 1,
the posture sensing unit 4, the wheels 6, the footrest 10, the
housing 11, the control calculation unit 51, the battery 52, and
the like are disposed. The housing 11 has a box-like shape
with a protruding front-lower portion. Further, the footrest 10
1s disposed on this protruding portion. The footrest 10 1s
disposed 1n front of the passenger seat 8 Therefore, when a
passenger rides on the passenger seat 8, both legs of the
passenger are placed on the footrest 10.

The footrest 10 includes a determination unit 12 that deter-
mines whether a passenger 1s on the vehicle or not. For
example, the determination unit 12 includes a plurality of
tactile sensors or the like. For example, a plurality of tactile
sensors are arranged in array on the upper surface of the
footrest 10. Each of the tactile sensors outputs a touch signal
when an object 1s 1n contact with its upper surface. Based on
these touch signals, 1t 1s determined whether the soles of a




US 8,504,248 B2

7

passenger are 1n contact with the footrest 10 or not. When a
group of tactile sensors that are in contact with an object
resembles soles 1n shape, 1t 1s determined that a passenger 1s
on the vehicle. That 1s, whether a passenger 1s on the vehicle
or not 1s determined based on whether the contacting area
resembles soles or not. Further, it 1s also possible to determine
whether a passenger 1s on the vehicle or an object other than
a human 1s put on the vehicle. By using the determination unit
12 provided on the footrest 10, rather than using the force
sensor 9, to determine the presence/absence of a passenger, 1t
1s possible to make more reliable determination. That 1s, even
il an object 1s put on the passenger seat 8, 1t 1s possible to
prevent the vehicle from mistakenly recognizing that a pas-
senger 1s on the vehicle.

The housing 11 incorporates driving motors 603, the pos-
ture sensing unit 4, the control calculation unit 51, and the
battery 52. The battery 52 supplies an electric power to vari-
ous electric devices such as the driving motors 603, the pos-
ture sensing unit 4, the control calculation unit 51, the deter-
mination unit 12, the nding position sensing unit 14, and the
force sensor 9. The posture sensing unit 4 includes a gyro-
SCOpIC sensor or an acceleration sensor, for example, and
detects the posture of the vehicle 1. That 1s, when the chassis
13 1s inclined, the posture sensing unit 4 detects its inclination
angle and/or inclination angular speed. The posture sensing
unit 4 detects the posture inclination angle around the roll axis
and the posture inclination angle around the pitch axis. Then,
the posture sensing unit 4 outputs posture measurement sig-
nals to the control calculation unit 51.

The wheels 6 are rotatably attached to the housing 11. In
this example, three disc-shaped wheels are disposed. A part of
cach wheel 6 protrudes beyond the lower surface of the hous-
ing 11. Therefore, the wheels 6 are in contact with the floor
surface. Two rear wheels 602 are disposed in the rear part of
the housing 11. The rear wheels 602 are driving wheels, and
are rotated by the driving motors 603. That 1s, by driving the
driving motors 603, the rear wheels 602 rotate around their
axles. The rear wheels 602 are disposed on both of left and
right sides. Note that an encoder used to measure the rotation
speed of the wheel 1s provided inside each rear wheel 602.
The axle ofthe leftrear wheel 602 and the axle of the right rear
wheel 602 are coaxially arranged.

Further, the wheels 6 include the front wheel 601. That 1s,
one front wheel 601 1s disposed at the center of the front part
of the housing 11. Therefore, the front wheel 601 1s disposed
between the two rear wheels 602 1n Y-direction. The passen-
ger seat 8 1s disposed between the axle of the front wheel 601
and the axis of the rear wheels 602 in X-direction. The front
wheel 601 1s a trailing wheel (auxiliary wheel), and rotates
according to the movement of the vehicle 1. That 1s, the front
wheel 601 rotates according to the direction and speed of the
movement that are determined by the rotations of the rear
wheels 602. By providing the front wheel 601, which serves
as an auxiliary wheel, 1n front of the rear wheels 602, 1t 1s
possible to prevent the vehicle from tumbling down. The front
wheel 601 1s disposed below the footrest 10.

The control calculation unit 51 1s an arithmetic processing,
device including a CPU (Central Processing Unit), a ROM
(Read Only Memory), a RAM (Random Access Memory), a
communication interface, and the like. Further, the control
calculation unit 51 also includes a detachable HDD, an opti-
cal disk, a magneto-optic disk, and the like, and thereby stores
various programs and control parameters. Then, when neces-
sary, the control calculation unit 31 supplies these programs
and data to the memory (not shown) and the like. Needless to
say, the control calculation unit 51 does not necessarily have
to be constructed as a single physical structure. The control
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calculation unit 51 performs processing to control the opera-
tion of the driving motors 603 according to the output from
the force sensor 9.

First Exemplary Embodiment

Next, a control system used to move the vehicle 1 1n accor-
dance with the first exemplary embodiment 1s explained with
reference to FIG. 4. FIG. 4 1s a block diagram showing a
configuration of a control system used to move the vehicle 1.
Firstly, the force sensor 9 detects a force exerted on the seat
surface 8a. A sensor processing unit 33 performs processing,
for measurement signals from the force sensor 9. That 1s, 1t
performs arithmetic processing for measured data corre-
sponding to the measurement signals output from the force
sensor 9. As a result, input moment values to be mnput to the
control calculation unit 51 are calculated. Note that the sensor
processing unit 53 may be contained 1n the force sensor 9, or
contained 1n the control calculation unit 31.

In this way, moments (Mx, My, Mz) measured by the force
sensor 9 are converted into mput moment values (Mx', My,
Mz') around the respective axes. Then, the mput moment
values are used as input values used to operate the respective
rear wheels 602. In this way, the sensor processing unit 33
calculates an input value for each axis. The magnitudes of the
input moment values are determined according to the magni-
tudes of the moments. The signs of the input moment values
are determined based on the signs of the measured moments.
That 1s, when the moment 1s positive, the input moment value
becomes a positive value, whereas when the moment 1s nega-
tive, the mput moment value becomes a negative value. For
example, when the moment MX 1s positive, the input moment
value Mx' becomes a positive value. Therefore, these input
moment values become input values corresponding to the
intended operation by the passenger.

The control calculation unit 51 obtains an input torque T1
based on the mput moment values (Mx', My', Mz'). For
example, mput torque T1I=(Mx', My', Mz'). Then, control cal-
culation 1s performed based on this torque T1. As a result,
reference inputs used to drive the driving motors 603 are
calculated. In general, the larger the torque t1 1s, the larger the
reference mputs become. These reference mputs are output to
the driving motors 603. Note that in this exemplary embodi-
ment, since the left and right rear wheels 602 are the driving
wheels, two driving motors 603 are illustrated 1n the figure.
Further, one of the driving motors 603 rotates the right rear
wheel 602 and the other of the driving motors 603 rotates the
lett rear wheel 602. The driving motors 603 rotate the rear
wheels 602 based on the reference inputs. That 1s, the driving
motors 603 provide reference torques used to rotate the rear
wheels 602, which are the driving wheels. Needless to say, the
driving motors 603 may provide rotation torques to the rear
wheels 602 through a speed reducer or the like. For example,
when reference torques are supplied from the control calcu-
lation unit 51 as reference inputs, the driving motors 603
rotate with those reference torques. As a result, the rear
wheels 602 rotate so that the vehicle 1 moves to a desired
direction at a desired speed. Needless to say, the reference
inputs are not limited to the torques of the driving motors 603.
That 1s, the reference mput may be the rotation speed or the
number of revolutions.

Further, an encoder 603a 1s provided inside each driving
motor 603. These encoders 603a detect the rotation speeds or
the like of the driving motors 603. Then, the measured rota-
tion speeds are mput to the control calculation unit 31. The
control calculation unit 51 performs feedback control based
on the current rotation speeds and target rotation speeds. For
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example, a reference input 1s calculated by multiplying a
difference between the target rotation speed and the current
rotation speed by an appropriate feedback gain. Needless to
say, the reference inputs supplied to the left and right driving
motors 603 may be different from each other. That is, when
the vehicle moves straight to the forward or backward direc-
tion, the left and right rear wheels 602 are controlled so that
their rotation speeds become equal to each other. However,
when the vehicle turns left or right, the left and right rear
wheels 602 are controlled so that they rotate in the same
direction but at different rotation speeds. Further, when the
vehicle rotates on 1ts own axis, the left and right rear wheels
602 are controlled so that they rotate i opposite directions.

For example, when the passenger takes a forward-inclined
posture, a force 1s exerted on the passenger seat 8 in a direc-
tion around the pitch axis. As a result, the force sensor 9
detects +My moment (see FIG. 3). Based on this +My
moment, the sensor processing unit 53 calculates an input
moment value My' used to translate the vehicle 1. Similarly,
the sensor processing unit 53 also calculates mput moment
values Mx' and Mz' based on Mx and Mz respectively. In this
way, a torque .tau.1 1s obtained.

The control calculation unit 51 calculates reference imnputs
based on the input moment values and the measured values of
the encoders. As a result, the left and right rear wheels 602
rotate at a desired speed. Similarly, when the vehicle turns
right, the passenger shiits his/her body weight to the right. As
a result, a force 1s exerted on the passenger seat 1n a direction
around the roll axis, and therefore the force sensor 9 detects
+Mx moment. Based on this +Mx moment, the sensor pro-
cessing unit 53 calculates an input moment value Mx' used to
turn the vehicle 1 to the right. That 1s, a rudder angle corre-
sponding to the direction to which the vehicle 1 moves 1s
obtained. Then, the control calculation unit 51 calculates
reference inputs according to the mput moment value. The
left and right rear wheels 602 rotate at different rotation
speeds according to the reference inputs. That 1s, the left rear
wheel 602 rotates at a higher rotation speed than that of the
right rear wheel 602.

Components for the translation movement in the forward/
backward direction are obtained based on My'. That 1s, a
driving torque or the like necessary to drive the left and night
rear wheels 602 at the same rotation speed 1n the same direc-
tion 1s determined. Therefore, the larger the input moment
value My, 1.e., moment My 1s, the faster the vehicle 1 moves.
The traveling direction, 1.e., components for the rudder angle
are obtained based on Mx'. That 1s, the difference between the
rotational torques of the left and right rear wheels 602 1s
determined. Therefore, the larger the input moment value
Mx', 1.e., moment Mx 1s, the larger the difference between the
rotation speeds of the left and right rear wheels 602 becomes.

Components for the rotation on 1ts own axis are obtained
based on Mz'. That 1s, components necessary to drive the left
and right rear wheels 602 1n opposite directions to rotate the
vehicle on 1ts own axis are obtained. Therelore, the larger the
input moment value M7, 1.e., moment Mz 1s, the larger the
rotation speeds 1n opposite directions of the lett and right rear
wheels 602 becomes. For example, when MZ' 1s positive, a
driving torque or the like necessary to rotate the vehicle on 1ts
own axis 1n the counter-clockwise direction as viewed from
the top 1s determined. That 1s, the right rear wheel 602 rotates
torward and the left rear wheel 602 rotates backward at the
same rotation speed.

Then, reference mputs used to drive the two rear wheels
602 are calculated by combining three components calculated
based on the respective input moment values Mx', My' and
MzZ'. In this way, reference inputs for the respective left and
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right rear wheels 602 are calculated. A driving torque, a
rotation speed, or the like 1s calculated as the reference input.
That 1s, reference mputs for the left and right rear wheels 602
are calculated by combining values each calculated as one of
the components corresponding to the mput moment values
Mx', My' and MZ'. In this way, the vehicle 1 moves based on
the input moment values Mx', My' and Mz' calculated based
on the measured moments Mx, My and Mz. That 1s, the
traveling direction and the traveling speed of the vehicle 1 are
determined based on the moments Mx, My and Mz that are
generated by the weight shift of the passenger.

In this way, an 1nputting operation to move the vehicle 1 1s
performed by the action of the passenger. That 1s, when the
passenger’s posture 1s changed, a moment around each axis 1s
detected. Then, the vehicle 1 moves based on the measured
values of these moments. In this way, the passenger can easily
operate the vehicle 1. That 1s, the operation using a joystick or
a handle becomes unnecessary, thus making 1t possible to
operate the vehicle by the weight shift alone. For example,
when the passenger wants to move to the forward-right direc-
tion, the passenger shiits his/her body weight to the forward-
right direction. Further, when the passenger wants to move to
the backward-left direction, the passenger shifts his/her body
weight to the backward-left direction. In this way, the position
of the center of gravity of the passenger 1s changed, and an
inputting operation according to that variation 1s thereby per-
formed. That 1s, the moments corresponding to the shift of the
center of gravity of the passenger are detected, so that the
passenger can operate the vehicle by intuition.

Further, the vehicle 1 also includes a drive unit 5 that drives
the passenger seat 8. The control for this drive unit 5 1s
explained heremafter. The drive unit 5 includes a yaw-axis
mechanism 501, a pitch-axis mechanism 302, and a roll-axis
mechanism 503. Each of the yaw-axis mechanism 501, pitch-
axis mechanism 502, and roll-axis mechanism 503 is a rota-
tional joint, and the posture of the passenger seat 8 1s changed
by operating these rotational joints. The yaw-axis mechanism
501 rotates the passenger seat 8 around the yaw axis. The
pitch-axis mechanism 502 rotates the passenger seat 8 around
the pitch axis. The roll-axis mechanism 503 rotates the pas-
senger seat 8 around the roll axis. In this way, the angle of the
seat surface 8a 1s changed with respect to the chassis 13. That
1s, the seat surface 8a 1s inclined with respect to the chassis 13.
Therefore, the drive unit 5 serves as a drive unit to drive the
passenger seat 8, and each of the yaw-axis mechanism 501,
pitch-axis mechanism 502, and roll-axis mechanism 503
includes a joint drive motor and a speed reducer. Further,
encoders 501a, 502a and 503 are provided in the respective
ax1s mechanisms to detect the rotation angles of the respec-
tive joint motors.

The control calculation unit 51 performs control calcula-
tion according to the torque supplied from the sensor process-
ing unmt 53 as described previously. Further, the control cal-
culation unit 51 outputs reference iputs used to drive the
joints of the yaw-axis mechanism 501, pitch-axis mechanism
502, and roll-axis mechanism 503. That 1s, the control calcu-
lation unit 51 calculates a target joint angle of each axis
mechanism based on the torque. Further, the control calcula-
tion unit 51 calculates reference inputs according to the target
joint angles and outputs the reference inputs to the respective
motors. As a result, each of the joints of the yaw-axis mecha-
nism 501, pitch-axis mechanism 502, and roll-axis mecha-
nism 503 1s adjusted to its target joint angle. That 1s, each axis
mechanism 1s driven so as to track its target joint angle.
Theretore, 1t 1s possible to change the posture of the vehicle 1
so that the seat surface 8a of the passenger seat 8 1s adjusted
to a desired angle.
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As described above, the mclination angle of the seat sur-
face 8a 1s changed according to the mput to the force sensor
9. In this way, the passenger can grasp the mput value by
intuition. Therefore, the operability can be improved.

Next, a configuration used to change the posture of the
vehicle 1 1s explained with reference to FIG. 5. FIG. 5 shows
a configuration used to change the posture, and shows the
internal structure of the chassis 13. As shown in FIG. 5, a
frame unit 2 that controls the posture 1s provided in the chassis
13. The frame unit 2 1s disposed inside the housing 11. In the
frame unit 2, a first parallel linkage 201 and a second parallel
linkage 202 are connected 1n a T-shape as viewed from the top
in such a manner that each parallel linkage does not restrict
the rotation of the other parallel linkage at the 1ntersection.

The first parallel linkage 201 1s disposed 1n the forward/
backward direction. This first parallel linkage 201 includes
four horizontal links 201a, and front and rear vertical links
2015. All the horizontal links 201a have the same length.
Although the illustration 1s omitted 1n the figure, an insertion

hole mto which a connecting shait used for the connection
with the vertical link 2015 1s inserted 1s formed 1n each end of
the horizontal link 201a. Two horizontal links 201a are dis-
posed on the top and the bottom, and these two horizontal
links 201a constitute a pair of horizontal links 201a. Then,
two pairs of horizontal links 2014 are disposed on the left and
right sides of the vertical links 2015 so that they sandwich the
vertical links 2015 therebetween.

Although the illustration 1s omitted, connecting shafts used
tor the connection with the horizontal links 2014 are disposed
on the left and rnight sides of the vertical link 2015 and pro-
trude to the left and right directions 1n such a manner that they
are aligned with each other with the equal interval therebe-
tween 1n the vertical direction. Each of the connecting shaifts
1s 1nserted 1nto an insertion hole of the horizontal link 201a
with a shait bearing or the like interposed therebetween, and
serves as the rotation axis of the horizontal link 201a and the
vertical link 2015.

In this exemplary embodiment, the front vertical link 2015
1s formed into an L-shape. The horizontal links 201a are
rotatably connected at the top and bottom ends of the vertical
piece of the vertical link 2015 through the connecting shatfts.
A free caster 1s provided at the tip of the horizontal piece of
the vertical link 2015 as the wheel 6. When the traveling
direction of the vehicle 1 1s changed, the direction of the
caster 1s rotated according to the direction change. The rear
vertical link 2015 includes a protruding portion protruding
downward beyond the lower horizontal link 201a. Although
the illustration 1s omitted, connecting shafts used for the
connection with the second parallel linkage 202 are disposed
on the front and rear sides of the protruding potion and pro-
trude to the forward and backward directions 1n such a man-
ner that they are aligned with each other. Further, although the
illustration 1s omitted, connecting shatts used for the connec-
tion with the second parallel linkage 202 are disposed 1n an
arca located between the top and bottom horizontal links
201a on the front and rear sides of the rear vertical link 20156
and protrude to the forward and backward directions 1n such
a manner that they are aligned with each other.

The second parallel linkage 202 1s disposed 1n the left-and-
right direction. This second parallel linkage 202 includes four
horizontal links 202a, and left and right vertical links 2025b.
All the horizontal links 2024 have the same length. Although
the 1llustration 1s omitted, an i1nsertion hole into which a
connecting shait used for the connection with the vertical link
2025 1s mserted 1s formed 1n each end of the horizontal link
202a. Further, although the illustration 1s omitted, an 1nser-
tion hole into which a connecting shaft used for the connec-
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tion with the first parallel linkage 201 1s 1nserted 1s formed
roughly at the center of the horizontal link 2024 1n the longi-
tudinal direction. Two horizontal links 202q are disposed on
the top and the bottom, and these two horizontal links 201a
constitute a pair of horizontal links 202a. Then, two pairs of
horizontal links 202a are disposed on the front and rear sides
of the vertical link 20256 and the rear vertical link 2015 of the
first parallel linkage 201 so that they sandwich the vertical
link 20256 and the rear vertical link 2015 of the first parallel
linkage 201 therebetween. Each of connecting shatts protrud-
ing from the rear vertical link 2015 of the first parallel linkage
201 1s 1nserted 1nto an insertion hole located roughly at the
center of the horizontal link 202q with a shait bearing or the
like interposed therebetween, and serves as the rotation axis
of the first parallel linkage 201 and the second parallel linkage
202.

Although the illustration 1s omitted, connecting shafts used
for the connection with the horizontal links 202q are disposed
on the front and rear sides of the vertical link 2025 and
protrude to the forward and backward directions in such a
manner that they are aligned with each other with the equal
interval therebetween in the vertical direction. Each of the
connecting shafts 1s iserted into an 1nsertion hole located at
the end of the horizontal link 202a with a shaft bearing or the
like interposed therebetween, and serves as the rotation axis
of the horizontal link 202a and the vertical link 20254.

As a result, the first parallel linkage 201 can rotate 1n the
torward-and-backward direction without being restricted by
the second parallel linkage 202. Meanwhile, the second par-
allel linkage 202 can rotate in the left-and-right direction
without being restricted by the first parallel linkage 201.

The rnnding portion 3 1s disposed above the posture sensing
unmit4, and moves in conjunction with the rotation of the frame
unit 2. Specifically, the rnding portion 3 1s connected to the top
and bottom horizontal links 201a of the first parallel linkage
201 through a support shatt 301. Although the 1llustration 1s
omitted, connecting shaits used for the connection with the
top and bottom horizontal links 201a of the first parallel
linkage 201 protrude from the left and right sides of an upper
portion and a lower portion of the support shatt 301 to the left
and right directions. Although the illustration 1s omitted, an
insertion hole 1into which a connecting shaft protruding from
the support shatt 301 1s inserted i1s formed roughly at the
center 1n the longitudinal direction of the horizontal link 2014
of the first parallel linkage 201. The support shait 301 is
interposed between the horizontal links 201a, which are dis-
posed on the left and right sides of the vertical links 2015 so
that they sandwich the vertical links 2015 therebetween. The
connecting shaits protruding from the support shatt 301 are
inserted into insertion holes of the first parallel linkage 201
with a shait bearing or the like interposed therebetween. As a
result, when the first parallel linkage 201 rotates in the for-
ward-and-backward direction, the support shaft 301 and the
vertical links 2015 work together while maintaining their
parallel state.

The frame unit 2 1s operated by driving the drive unit 5. As
a result, the posture of the vehicle 1 1s changed. When the
chassis 13 1s inclined, the angle of the riding portion 3 1s
changed. Note that the drive unit 5 includes the yaw-axis
mechanism 501 that rotates around the yaw axis, the pitch-
ax1s mechanism 502 that rotates around the pitch axis, and the
roll-axis mechanism 503 that rotates around the roll axis. The
yaw-axis mechanism 501 1s disposed, for example, between
the support shait 301 and the posture sensing unit 4. That 1s,
the yaw-axis mechanism 3501 1s disposed at a place closest to
the riding portion 3 among the three mechanisms. Note that
the yaw-axis mechanism 501 1s a pivotal joint to rotate the
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riding portion 3 on i1ts own axis, 1.€., on the yaw axis, whereas
the pitch-axis mechanism 502 and the roll-axis mechanism
503 are rotational joints to turn the riding portion 3 around the
respective axes.

Next, a control method for the vehicle 1 1s explained with
reference to FIG. 6. FIG. 6 1s a flowchart showing a control
method of the vehicle 1. FIG. 6 shows one control cycle of the
vehicle 1. The movement control and the posture control of
the vehicle 1 are performed 1n accordance with this flowchart.
That 1s, FIG. 6 shows a control method for driving the rear
wheels 602 and for driving the drive unit 5.

Firstly, the joint angles of the yaw-axis mechamsm 501,
pitch-axis mechanism 502, and roll-axis mechanism 503 are
detected (step S101). That 1s, each joint angle 1s detected by
the respective one of the encoders 501a, 502a¢ and 5034
provided 1n the respective axis mechanisms. The vehicle 1 1s
in a posture corresponding to these joint angles. Next, the
force sensor 9 detects the moment values (step S102). That s,
the moments (Mx, My, Mz) are measured. Then, an offset
correction 1s performed on the force sensor 9 (step S103).
That 1s, 11 the position in which the passenger 1s sitting 1s
deviated, an offset 1s given to that position. An offset 1s given
to the control target origin so that the positional deviation of
the riding position 1s corrected for the imnput moments. In this
way, 1t 1s possible to calculate moments (Mx', My', Mz') in
which the positional deviation is corrected. Note that the steps
S101 and S102 may be performed 1n the reversed order, or
may be simultaneously performed.

The balanced position posture ¢id of the seat surface 1s
input (step S104). As described previously, the balanced posi-
tion posture 1s the position in which the seat surface 8a 1s
horizontal when the vehicle 1 1s moving on the flat floor. The
joint angles of the yaw-axis mechanism 501, pitch-axis
mechanism 502, and roll-axis mechanism 503 1n this state
correspond to the balanced position posture. Theretfore, the
balanced position posture 1s unchanged in this exemplary
embodiment. That is, a balanced position posture in which the
joint angle around each axis remains unchanged regardless of
the traveling state 1s selected.

Next, compliance compensation 1s performed (step S105).
With this compliance control, the target joint angles of the
yaw-axis mechanism 501, pitch-axis mechanism 502, and
roll-axis mechanism 503 are determined. The compliance
control 1s control i which the subject to be controlled
behaves with a pseudo-spring characteristic and a pseudo-
dumping characteristic. The spring characteristic and the
dumping characteristic are exhibited by the actions of the
yaw-axis mechanism 501, pitch-axis mechanism 502, and
roll-axis mechanism 503. By introducing the compliance
control, the seat surface 8a can be 1inclined according to the
force exerted by the passenger. In this example, the compli-
ance control 1s performed by using the joint angles of the
yaw-axis mechanism 501, pitch-axis mechanism 502, and
roll-axis mechanism 503, the moments of the force sensor 9,
and the balanced position posture of the seat surface 8a. In
this way, the target angles of the yaw-axis mechamsm 501,
pitch-axis mechanism 502, and roll-axis mechanism 503 are
calculated. The details of this step are explained later.

Then, the seat surface 8a 1s controlled (step S106). That 1s,
the motor provided for each axis 1s driven so that the yaw-axis
mechanism 501, pitch-axis mechanism 302, and roll-axis
mechanism 303 are adjusted to their respective target joint
angles. As a result, the inclination of the seat surface 8a 1s
changed and the current target position posture 1s achieved. In
this example, the inclination of the seat surface 8a 1s changed
according to the output of the force sensor 9. That 1s, the
passenger recerves a force from the seat surface 8a according,
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to the force to the seat surface 8a. Therefore, the passenger 19
can intuitively grasp the input to the force sensor 9. In this
way, the operability 1s improved and the vehicle can move as
the passenger 19 mtended.

Next, the rotation angles, the speeds, and the torques of the
wheels are detected (step S107). That 1s, the operation state of
the left and right rear wheels 602 are detected based on the
output of the encoders 603a. Then, the forward/backward
movement speed of the vehicle 1 1s calculated from the target
joint angle around the pitch axis (step S108). In this process,
the forward/backward movement speed 1s calculated based
on the current target position posture ¢p1 calculated 1n the step
S105. That 1s, the control calculation unit 51 calculates the
torward/backward movement speed based on the target joint
angle of the pitch-axis mechanism 502. Therefore, the target
forward/backward movement speed 1s determined based on
the moments of the force sensor 9, the balanced position
posture of the seat surface, and the angle of each joint.

Further, the turning speed of the vehicle 1 1s calculated
from the joint angles around the roll axis and the yaw axis
(step S109). The control calculation unit 51 calculates the
turning speed based on the current target position posture ¢1
obtained 1n the step S105. That 1s, the control calculation unit
51 calculates the forward/backward movement speed based
on the target joint angles of the yaw-axis mechanism 501 and
the roll-axis mechanism 503. Therefore, the target forward/
backward movement speed 1s determined based on the
moments of the force sensor 9, the balanced position of the
seat surface, and the angle of each joint.

Then, by combining the forward/backward movement
speed and the turning speed, the rotation torques of the left
and right rear wheels 602 are calculated (step S110). That 1s,
the rotation torques necessary to rotate the rear wheels 602 are
calculated. The torques of the left and right rear wheels 602
are output to the driving motors 603 as reference inputs. In
this example, feedback control 1s performed by using the
rotation angles of the rear wheels 602 detected in the step
S107 and the target speeds. The control calculation umt 51
outputs reference mputs used to drive the driving motors 603.
As a result, the vehicle 1 moves at a speed close to the
forward/backward movement speed calculated in the step
S108 and close to the turning speed calculated 1n the step
S109. Therefore, the vehicle 1 moves according to the input
by the force sensor 9 as the passenger intended.

Next, the compliance compensation in the step S105 1s
explained with reference to FIG. 7. FIG. 7 1s a flowchart
showing the details of the compliance control. Firstly, the
passenger shiits his/her body weight (step S201). That 1s, the
passenger performs an inputting operation by the weight shift
in order to move the vehicle 1. As a result, the force exerted on
the force sensor 9 i1s changed. The force sensor 9 senses the
torque T1 around the three axes exerted on the seat surface 8a
(step S201). This torque i can be calculated from the 1nput
moments. Each of a torque T0z (=Mz') around the yaw axis, a
torque TOy (=My') around the pitch axis, a torque TOX (=Mx")
around the roll axis 1s calculated. As described above, T11s a
torque and 1ncludes components for the roll, the pitch, and the
yaw. That 1s, 71 includes three components of TOx, Tt0y and
TthzZ.

Further, in parallel with the steps S201 and S202, the
balanced position posture ¢id of the seat surface 1s input (step
S5203). This balanced position posture ¢1d indicates the ref-
erence position used as references of the yaw-axis mecha-
nism 501, pitch-axis mechanism 502, and roll-axis mecha-
nism 503. That 1s, joint angles used as the references of the
respective axis mechanisms are input to the control calcula-
tion unit 51. In this exemplary embodiment, the balanced
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position posture ¢1d of the seat surface has a fixed value. Joint
angles at which a balanced position posture ¢id 1s achieved
are stored 1n a memory or the like of the control calculation
unit 531. Then, the balanced position posture ¢id 1s input by
reading these joint angles. The balanced position 1s the posi-
tion 1 which the seat surface 8a 1s horizontal when the
vehicle 1 1s moving on the flat floor. Theretfore, the balanced
position posture ¢i1d 1s expressed by constant joint angles in
the respective axis mechanisms. The balanced position pos-
ture ¢pi1d 1s defined around each axis. The balanced position
posture ¢1d 1s composed of three components including a
balanced position posture ¢Oxd around the roll axis, a bal-
anced position posture ¢Oyd around the pitch axis, and a
balanced position posture ¢0zd around the yaw axis. These
components correspond to the joint angles used as the refer-
ences ol the respective axis mechanism.

Next, the current target position posture ¢11s obtained from
the torque 1 and the balanced position posture ¢pid (step
S204). In this example, the control calculation unit 51 calcu-
lates the current target position posture ¢1 of the riding portion
3 based on the equations shown 1n the step S204. That 1s, by
solving the equations shown in the step S204, the current
target position posture ¢p1 can be calculated. The current target
position posture ¢1 1s composed of, for example, the target
joint angle of the yaw-axis mechanism 301, the target joint
angle of the pitch-axis mechanism 502, and the target joint
angle of the roll-axis mechanism 503. Therefore, the current
target position posture ¢11s composed of three components of
¢0x, pOy and ¢0z. The target joint angle 1n each axis mecha-
nism 1s calculated based on the torque T1 and the balanced
position posture ¢id.

In the equations 1n the step S204: M1 1s an inertia matrix; Di
1s a viscosity coellicient matrix; and Ki 1s a stifiness matrix.
Further, each of these matrices 1s a 3x3 matrix. The 1nertia
matrix, viscosity coellicient matrix, and stifiness matrix can
be defined according to the configuration and/or action of the
vehicle 1. Further, the mark “¢” (dot) added above ¢1 and ¢id
indicates a differentiation with respect to time. One dot 1ndi-
cates a single differentiation and two dots indicate a double
differentiation. For example, when one dot 1s added above ¢,
it becomes a target posture speed. Further when two dots are
added, 1t becomes a target posture acceleration. Similarly,
when one dot 1s added above ¢id, 1t becomes a balanced
position posture speed. Further, when two dots are added, 1t
becomes a balanced position posture acceleration. In this
exemplary embodiment, the balanced position posture ¢id 1s
constant. Therefore, basically, the balanced position posture
speed and the balanced position posture acceleration become
Zeros.

Then, movement control 1s performed based on the current
target position posture ¢1 (step S203). Further, in parallel with
the movement control, the angle of the seat surface 1s con-
trolled (step S206). In the movement control, the forward/
backward movement speed and the turning speed are calcu-
lated based on the current target position posture ¢1 as shown
in the steps S108 and S109. That 1s, the forward/backward
movement speed 1s determined according to the current target
position posture ¢$O0y. The forward/backward movement
speed increases with the increase of the value of ¢0y. Further,
the turning speed of the vehicle 1 1s determined according to
the current target position postures ¢Ox and ¢0z. The turning,
speed increases with the increase of the values of ¢0x and
¢0z. Then, the rotation torques of the leit and right rear wheels
602 are calculated from the forward/backward movement
speed and the turning speed. In this example, the target rota-
tion speeds for the left and right rear wheels 602 are calcu-
lated by combining the forward/backward movement speed
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and the turning speed. Then, feedback control 1s performed by
using the difference between the current rotation speeds and
the target rotation speeds to calculate the rotation torques. The
control calculation unit 51 outputs these rotation torques to
the driving motors 603 as reference inputs. In this manner, the
movement control 1s performed.

The inclination of the seat surface 8a 1s also controlled
based on the current target position posture ¢1. That 1s, a
reference mput for each axis mechanism i1s calculated by
using the current target position posture ¢1 as an input. A
reference mput for each axis mechamism 1s calculated based
on the current target position posture ¢1. Then, the yaw-axis
mechanism 501, pitch-axis mechanism 502, roll-axis mecha-
nism 303 are driven according to these reference inputs.
Therefore, the inclination of the seat surface 8a 1s changed so
that the target joint angle of the yaw-axis mechanism 501, the
target joint angle of the pitch-axis mechanism 502, and the
target joint angle of the roll-axis mechanism 503 are
achieved. In this way, each axis mechanism 1s driven so as to
track 1ts target joint angle. As a result, the posture of the riding
portion 3 1s changed and the inclination of the seat surface 8a
1s thereby changed. Therefore, the passenger recetves a force
from the seat surface 8a. Then, the seat surface 8a 1s adjusted
to the current target position posture ¢1.

In this manner, the movement control and the inclination
control of the seat surface 8a are performed by using the
current target position posture ¢1. That 1s, a reference input for
cach motor 1s calculated based on the current target position
posture ¢1. The control calculation unit 51 calculates refer-
ence mputs used to drive the rear wheels 602 and the drive unit
5, which drives the passenger seat, based on the drive amount
of the drive unit 5, the balanced position posture of the seat
surface 8a, and the measurement signals from the force sen-
sor 9.

As described above, the mechanism to attach the passenger
seat 8 to the chassis 13 does not use the rigid connection, but
does use the structure that 1s deformed and displaced to some
extent 1n response to the mput. Therefore, the control that
makes tlexible movement like a spring possible can be real-
1zed. That 1s, the drive unit 5 functions like the suspension
system of a car. Further, the drive unit 5 1s controlled based on
a detection result 1n the force sensor 9.

In this way, the operability can be improved. That 1s, the
axis mechanisms are driven around the respective axes, so
that the passenger can grasp how much operation amount
he/she 1s operating the vehicle with. The passenger can rec-
ognize the difference between the actual operation amount
and the intended operation amount. Therefore, the passenger
can minimize the deviation of the actual operation amount
from the intended operation amount. Further, even when the
passenger 1s subjected to a centrifugal force, the passenger
can perform an operation necessary to achieve the intended
movement. That 1s, 1t 1s possible to prevent the vehicle from
accelerating to a speed higher than necessary or decelerating
to a speed lower than necessary. As a result, 1t 1s possible to
realize a vehicle 1 having high operability.

In this exemplary embodiment, the joint angles at which
the passenger seat 1s adjusted to the balanced position posture
are unchanged irrespective of the traveling state. The passen-
ger can easily grasp the operation amount. For example, when
the passenger relaxes, the seat surface 8a returns to the bal-
anced position posture. In this way, the operability can be
improved. Further, the movement control 1s also performed
based on the current target position posture ¢1. In this way, the
torward/backward movement speed and the turning speed
can be calculated as the passenger intended. Therefore, the
operability can be improved. The control calculation unit 51
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calculates reference 1nputs used to drive the rear wheels 602
and the drive unit 5 based on the drive amount of the drive unit
5, the balanced position posture ¢id of the passenger seat 8,
and the measurement signals from the force sensor 9. There-
fore, the reference inputs can be accurately calculated, and
therefore the vehicle can move as the passenger intended.

Second Exemplary Embodiment

This exemplary embodiment i1s different from the first
exemplary embodiment 1n the balanced position posture
input. That 1s, the balanced position posture 1s dynamically
changed 1n this exemplary embodiment. For example, when
the vehicle 1 moves on an inclined surface or on a multilevel
surface, the seat surface 8a 1s inclined according to the
inclined surface or the like. Accordingly, the drive unit 5 1s
driven according to the inclined surface in this exemplary
embodiment. In this example, the drive unit 5 1s driven so that
the seat surface 1s adjusted to or close to a horizontal state
even on an inclined surface. Therefore, the operability 1s
improved even when the vehicle 1s moving on an inclined
surface or 1n a state where one of the wheels 1s located over a
step. Note that the configuration and control other than this
feature are similar to those of the first exemplary embodi-
ment, and therefore their explanations are omitted.

A control method for a vehicle 1 1 accordance with this
exemplary embodiment 1s explained with reference to FIGS.
8 to 10. FIG. 8 1s a flowchart corresponding to that of FIG. 6
shown 1n the first exemplary embodiment. FIG. 9 1s a flow-
chart corresponding to that of FIG. 7 shown 1n the first exem-
plary embodiment. FIG. 10 1s a side view showing the vehicle
1 as 1t 1s moving.

In this exemplary embodiment, the balanced position pos-
ture 1s changed according to the output of the posture sensing,
unit4. That 1s, the posture sensing unit 4 detects the posture of
the vehicle 1. Theretfore, when the floor surface on which the
vehicle 1 1s moving 1s not flat, the output of the posture
sensing unit 4 1s changed. For example, as shown in FIG. 10,
when the vehicle 1 moves from a flat surface to an inclined
surface, the posture sensing unit 4 detects the posture change
of the vehicle 1. Then, the balanced position posture 1is
dynamically changed according to the posture change. There-
fore, the joint angles 1n the balanced position posture are
different between when the vehicle 1s moving on an inclined
surface and when the vehicle 1s moving on a flat surface.

Therefore, firstly, as shown in FIG. 8, joint angles around
the roll, pitch and yaw axes are detected as 1n the case of the
first exemplary embodiment (step S301). Further, the posture
sensing unit 4 detects an inclination (step S302). That 1s, the
posture sensing unit 4 detects a posture change resulting from
the tloor surface. In this way, the inclination angle A¢i of the
inclined surface shown in FIG. 10 can be detected. Note that
the steps S301 and S302 may be performed 1n parallel with
cach other. Then, similarly to the first exemplary embodi-
ment, the detection of moment values by the force sensor
(step S303) as well as the offset correction by the force sensor
9 (step S304) are performed.

After that, the balanced position posture ¢pid of the seat
surface 1s mput (step S305). At thus point, the balanced posi-
tion posture ¢p1d has been changed according to the posture
change detected by the posture sensing umt 4. That 1s, the
balanced position posture ¢pid in which the seat surface 8a
becomes horizontal even when the vehicle 1s moving on the
inclined surface 1s input. Therefore, the value of the balanced
position posture ¢1d 1s compensated by an amount equivalent
to the inclination angle A¢1 of the inclined surface. The target
joint angles are changed by an amount corresponding to the
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inclination of the floor surface. Further, 11 the posture sensing
umt 4 1s equipped with a three-axis gyroscopic sensor, the
posture change around the roll, pitch and yaw axes are
detected. In this case, the balanced position posture ¢pOxd
around the roll axis, the balanced position posture ¢Oyd
around the pitch axis, and the balanced position posture ¢0zd
around the yaw axis are compensated. The drive unit 5 1s
controlled so that the seat surface 8a becomes parallel to the
horizontal plane rather than to the inclined surface.

Then, the compliance compensation 1s performed (step
S306). Similarly to the first exemplary embodiment, the joint
angles around the roll, pitch and yaw axes, the moment values
detected by the force sensor, and the balanced position pos-
ture ¢id of the seat surface are used. Needless to say, the
balanced position posture ¢i1d of the seat surface 8a has been
changed according to the floor surface. The seat surface 8a 1s
controlled by using the compliance control (step S307). Simi-
larly to the first exemplary embodiment, the motor provided
for each axis 1s driven so that the yaw-axis mechanism 501,
pitch-axis mechanism 502, and roll-axis mechanism 503 are
adjusted to their respective target joint angles. As a result, the
inclination of the seat surface 8a 1s changed and the current
target position posture ¢1 1s thereby achieved.

Next, similarly to the first exemplary embodiment, the
rotation angles, the speeds, and the torques of the wheels are
detected (step S308). Then, the forward/backward movement
speed of the vehicle 1 1s calculated from the angle around the
pitch axis (step S309). In this process, the control calculation
umt 51 calculates the forward/backward movement speed
based on a difference obtained by subtracting the inclination
angle A¢1 of the inclined surface from the current target
position posture ¢1. That 1s, the forward/backward movement
speed 1s calculated based on the difference between the cur-
rent target position posture ¢0y and A¢Oy.

The turning speed of the vehicle 1 1s calculated from the
angles around the roll axis and the yaw axis (step S310). In
this process, similarly to the step S309, the control calculation
unit 31 calculates the turning speed based on the difference
obtained by subtracting the inclination angle A¢i of the
inclined surface from the current target position posture ¢1.
The turning speed 1s calculated based on the difference
between the current target position posture ¢Ox and ApOx and
the difference between the current target position posture ¢0z
and A¢Oz. Then, the torques of the left and right rear wheels
are calculated from the forward/backward movement speed
and the turning speed. Note that the process 1n the step S311
1s similar to that in the first exemplary embodiment, and
therefore 1ts explanation 1s omitted. As described above, ref-
erence inputs are calculated with consideration given to the
inclination angle A¢i1 of the inclined surface in this exemplary
embodiment. Therefore, the operation amount can be accu-
rately conveyed to the passenger even when the vehicle 1s
moving on an inclined surface or 1n a state where one of the
wheels 1s located over a step, or under similar circumstances.
As aresult, the passenger can easily recognize the operation
amount. For example, when the passenger relaxes, the seat
surface 8a returns to the balanced position and becomes hori-
zontal.

Next, the compliance control 1n this exemplary embodi-
ment 1s explained heremafter. Firstly, as shown i FIG. 9,
when the passenger shifts his/her body weight (step S401),
the force sensor 9 senses a torque T1 (step S402). These steps
are similar to those of the first exemplary embodiment. The
steps S403 and S404 may be performed in parallel with the
steps S401 and S402.

The deviation of the posture angle of the vehicle 1 1s
detected. Further, the posture sensing unit 4 senses the incli-
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nation angle A¢1 of an inclined surface (step S403). Then, the
balanced position posture ¢id in which the inclination angle

A1 of the inclined surface 1s compensated 1s mput (step
S404). That 1s, joint angles at which a balanced position

posture ¢i1d 1s achieved are stored 1n a memory or the like of 5

the control calculation unit 51. At this point, the current target
position posture ¢1d has been changed according to the incli-
nation angle A¢1 of the inclined surface. The current target
position posture ¢id 1s set 1n such a manner that the seat
surface 8a becomes horizontal even when the tloor surface 1s
inclined. In the balanced position posture ¢1d, the joint angles
are adjusted so that the seat surface 8a becomes horizontal.

After that, the current target position posture ¢1 1s calcu-
lated (step S405). The movement control 1s performed based
on the current target position posture ¢1 calculated 1n the step
S405 (step S406). In this example, reference inputs for the left
and right rear wheels 602 are calculated based on a difference
obtained by subtracting the inclination angle A¢i1 of the
inclined surface from the current target position posture. Fur-
ther, the inclination of the seat surface 1s also controlled based
on the current target position posture ¢1 (step S407). Note that
the step S406 1s similar to that of the first exemplary embodi-
ment, and therefore 1ts explanation 1s omitted.

In this exemplary embodiment, the balanced position pos-
ture ¢1d 1s changed according to the output of the posture
sensing unit 4. In this way, the passenger can easily grasp the
operation amount. For example, when the passenger relaxes,
the seat surface 8a returns to the balanced position posture. In
this way, the operability can be improved. Further, since the
seat surface 8a 1s brought to or close to a level state, the riding
quality can be improved. The control calculation unit 51
calculates reference 1mputs used to drive the rear wheels 602
and the drive unit 5 based on the inclination angle A¢i, the
drive amount of the drive unit 3, the balanced position posture
¢1d ol the passenger seat 8, and the measurement signals from
the force sensor 9. Accordingly, the reference inputs can be
accurately calculated, and therefore the vehicle can move as
the passenger intended.

Third Exemplary Embodiment

For the vehicle 1 shown 1n FIGS. 1 to 10, there may be a
situation where the passenger cannot move the vehicle 1 as
he/she mtended. For example, when a passenger sits on the
passenger seat, the posture change of the passenger 1s
restricted by his/her thighs. Therefore, there 1s a possibility
that the passenger can hardly take a forward-inclined posture
in order to 1nput a high-speed forward movement input. Fur-
ther, when the passenger holds a piece of baggage, the input
to the force sensor 1s changed. Furthermore, when the pas-
senger adjusts his/her sitting position, the input to the force
sensor could be also changed. In addition, when the vehicle
moves on an inclined surface, the input to the force sensor
could be deviated. Theretore, there 1s a possibility that the
vehicle cannot move as the passenger intended. That 1s, there
may be a situation in which, when the vehicle 1 1s to be
actually moved, the vehicle 1 cannot be moved as the passen-
ger intended. Accordingly, 1n accordance with this exemplary
embodiment, the vehicle can be moved as the passenger
intended even in the situation like this, and therefore the
operability can be further improved.

Next, a control system used to move the vehicle 1 in accor-
dance with the third exemplary embodiment 1s explained with
retference to FIG. 11. FIG. 11 1s a block diagram showing a
configuration of a control system used to move the vehicle 1.
Firstly, the force sensor 9 detects a force exerted on the seat
surface 8a. In this example, as described previously, the force
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sensor 9 outputs moments Mx, My and Mz, which are mea-
surement signals, to the sensor processing unit 53. The sensor
processing unit 33 performs processing on the measurement
signals supplied from the force sensor 9. That 1s, 1t performs
arithmetic processing on measured data corresponding to the
measurement signals output from the force sensor 9. As a

result, input moment values (Mx', My', Mz') to be input to the
control calculation unit 51 are calculated. Note that the sensor
processing unit 53 may be contained 1n the force sensor 9, or
contained 1n the control calculation unit 31.

In this way, moments (Mx, My, Mz) measured by the force
sensor 9 are converted 1nto mput moment values (Mx', My',
Mz') around the respective axes. Then, the mput moment
values are used as 1input values used to operate the respective
rear wheels 602. In this way, the sensor processing unit 53
calculates an input value for each axis. The magnitudes of the
input moment values are determined according to the magni-
tudes of the moments. The signs of the input moment values
are determined based on the signs of the measured moments.
That 1s, when the moment 1s positive, the input moment value
becomes a positive value, whereas when the moment 1s nega-
tive, the mput moment value becomes a negative value. For
example, when the moment MXx 1s positive, the input moment
value Mx' becomes a positive value. Therefore, these input
moment values become input values corresponding to the
intended operation by the passenger.

The control calculation unit 51 performs control calcula-
tion based on the input moment values. In this way, reference
inputs used to drive the driving motors 603 are calculated.
Needless to say, the larger the input moment values are, the
larger the reference mputs become. The reference inputs are
output to the driving motors 603. Note that in this exemplary
embodiment, since the left and right rear wheels 602 are the
driving wheels, two driving motors 603 are illustrated 1n the
figure. Further, one of the driving motors 603 rotates the right
rear wheel 602 and the other of the driving motors 603 rotates
the left rear wheel 602. The driving motors 603 rotate the rear
wheels 602 based on the reference inputs. That 1s, the driving
motors 603 provide reference torques used to rotate the rear
wheels 602, which are the driving wheels. Needless to say, the
driving motors 603 may provide rotation torques to the rear
wheels 602 through a speed reducer or the like. For example,
when reference torques are supplied from the control calcu-
lation umt 51 as reference inputs, the driving motors 603
rotate with those reference torques. As a result, the rear
wheels 602 rotate so that the vehicle 1 moves to a desired
direction at a desired speed. Needless to say, the reference
inputs are not limited to the torques. That i1s, the reference
input may be the rotation speed or the number of revolutions.

Further, an encoder 603a 1s provided inside each driving
motor 603. These encoders 603a detect the rotation speeds of
the driving motors 603 or the like. Then, the measured rota-
tion speeds are mput to the control calculation unit 51. The
control calculation unit 31 performs feedback control based
on the current rotation speeds and target rotation speeds. For
example, a reference input 1s calculated by multiplying a
difference between the target rotation speed and the current
rotation speed by a proper feedback gain. Needless to say, the
reference inputs supplied to the left and right driving motors
603 may be different from each other. That 1s, when the
vehicle moves straight to the forward or backward direction,
the left and right rear wheels 602 are controlled so that their
rotation speeds become equal to each other. However, when
the vehicle turns left or right, the left and rnight rear wheels 602
are controlled so that they rotate in the same direction but at
different rotation speeds. Further, when the vehicle rotates on
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its own axis, the left and right rear wheels 602 are controlled
so that they rotate 1n opposite directions.

For example, when the passenger takes a forward-inclined
posture, a force 1s exerted on the passenger seat 8 in a direc-
tion around the pitch axis. As a result, the force sensor 9
detects +My moment (see FIG. 3). Based on this +My
moment, the sensor processing unit 53 calculates an input
moment value My' used to translate the vehicle 1. Similarly,
the sensor processing unit 53 also calculates mput moment
values Mx' and Mz' based on Mx and Mz respectively. That 1s,
the sensor processing unit 33 converts measured values nto
input moment values. These values are calculated 1indepen-
dently of each other. That 1s, Mx' 1s determined based solely
on Mx; My' 1s determined based solely on My; and MZ' 1s
determined based solely on Mz. In this way, Mx', My' and Mz’
are independent of each other.

The control calculation unit 51 calculates reference mputs
based on the input moment values and the measured values of
the encoders. As a result, the left and right rear wheels 602
rotate at a desired speed. Similarly, when the vehicle turns
right, the passenger shifts his/her body weight to the right. As
a result, a force 1s exerted on the passenger seat 1n a direction
around the roll axis, and therefore the force sensor 9 detects
+Mx moment. Based on this +Mx moment, the sensor pro-
cessing unit 53 calculates an input moment value Mx' used to
turn the vehicle 1 to the right. That 1s, a rudder angle corre-
sponding to the direction to which the vehicle 1 moves 1s
obtained. Then, the control calculation unit 51 calculates
reference mputs according to the mput moment value. The
left and right rear wheels 602 rotate at different rotation
speeds according to the reference iputs. That 1s, the left rear
wheel 602 rotates at a higher rotation speed than that of the
right rear wheel 602.

As described above, components for the translation move-
ment 1n the forward/backward direction are obtained based on
My'. That 1s, a driving torque or the like necessary to drive the
left and right rear wheels 602 at the same rotation speed 1n the
same direction 1s determined. Therefore, the larger the input
moment value My', 1.e., moment My 1s, the faster the vehicle
1 moves. The traveling direction, 1.e., components for the
rudder angle are obtained based on Mx'. That 1s, the ditfer-
ence between the rotational torques of the lett and right rear
wheels 602 1s determined. Therelfore, the larger the input
moment value Mx', 1.e., moment MX 1s, the larger the ditfer-
ence between the rotation speeds of the left and right rear
wheels 602 becomes.

Components for the rotation on 1ts own axis are obtained
based on Mz'. That 1s, components necessary to drive the left
and right rear wheels 602 1n opposite directions to rotate the
vehicle on 1ts own axis are obtained. Therefore, the larger the
input moment value M7, 1.e., moment Mz 1s, the larger the
rotation speeds 1n opposite directions of the left and right rear
wheels 602 becomes. For example, when Mz' 1s positive, a
driving torque or the like necessary to rotate the vehicle on 1ts
own axis in the counter-clockwise direction as viewed from
the top 1s determined. That 1s, the right rear wheel 602 rotates
forward and the left rear wheel 602 rotates backward at the
same rotation speed.

Then, reference mputs used to drive the two rear wheels
602 are calculated by combining three components calculated
based on the respective input moment values Mx', My' and
Mz'. In this way, reference inputs for the respective left and
right rear wheels 602 are calculated. A driving torque, a
rotation speed, or the like 1s calculated as the reference input.
That 1s, reference mputs for the left and right rear wheels 602
are calculated by combining values each calculated as one of
the components corresponding to the mput moment values
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Mx', My' and MZ'. In this way, the vehicle 1 moves based on
the input moment values Mx', My' and Mz' calculated based
on the measured moments Mx, My and Mz. That 1s, the
traveling direction and the traveling speed of the vehicle 1 are
determined based on the moments Mx, My and Mz that are
generated by the weight shift of the passenger.

In this way, an 1nputting operation to move the vehicle 1 1s
performed by the action of the passenger. That 1s, when the
passenger's posture 1s changed, a moment around each axis 1s
detected. Then, the vehicle 1 moves based on the measured
values of these moments. In this way, the passenger can easily
operate the vehicle 1. That 1s, the operation using a joystick or
a handle becomes unnecessary, thus making it possible to
operate the vehicle by the weight shift alone. For example,
when the passenger wants to move to the forward-right direc-
tion, the passenger shiits his/her body weight to the forward-
right direction. Further, when the passenger wants to move to
the backward-leit direction, the passenger shifts his/her body
weight to the backward-left direction. In this way, the position
of the center of gravity of the passenger 1s changed, and an
inputting operation according to that variation 1s thereby per-
formed. That 1s, the moments corresponding to the shift of the
center of gravity of the passenger are detected, so that the
passenger can intuitively operate the vehicle. The control
calculation unit 51 outputs reference inputs so that the vehicle
moves forward or backward according to the sign of the input
moment value at a traveling speed according to the absolute
value of the mput moment value.

For example, assume that a passenger 71 1s on the passen-
ger seat 8 equipped with the force sensor 9 as shown 1n FIG.
12. Note that FI1G. 12 shows a state where the passenger 71 1s
on the passenger seat 8. In particular, the left part of the figure
1s a side view and the right side 1s a plane view of the seat
surface 8a. In this case, the buttocks 72 and the thighs 73 of
the passenger 71 are 1n contact with the seat surface 8a. An
inputting operation in the forward-and-backward direction 1n
this state 1s explained hereinafter. In this example, as shown in
FIG. 13, the input to the forward direction 1s represented by a
positive value and the mput to the backward direction 1s
represented by a negative value. That 1s, when My' 1s positive,
the vehicle 1 moves forward, whereas when My' 1s negative,
the vehicle 1 moves backward. Therefore, when My' 1s zero,
the vehicle 1 stays at the current place and does not move
forward or backward. That 1s, when the passenger 71 1s 1n a
neutral posture around the pitch axis, the vehicle 1 moves
neither forward nor backward. The speed of the vehicle 1 1s
determined according to the absolute value of the mput
moment value My'. For example, the traveling speed changes
in proportion to My'. In other words, the absolute value of the
traveling speed monotonously increases with the increase of
the absolute value of My'. In addition, when comparing a state
where My' 1s +a (a1s a given positive value) with a state where
My' 1s —a, the magnitudes of the speeds of the vehicle 1 are
equal but the directions of the speeds are opposite. As
described above, the speed of the vehicle 1 1s determined
according to the inclination angle of the passenger's upper
body with respect to the neutral posture. Theretfore, the more
the passenger bends his/her upper body, the higher speed the
vehicle 1 moves at.

A determination signal 1s input from the determination unit
12 to the sensor processing unit 53. Tactile sensors 58 and a
determination information processing unit 39 are provided 1n
the determination unit 12. As described previously, the tactile
sensors 58 are arranged 1n array on the upper surface of the
footrest 10. Further, each tactile sensor 58 outputs a touch
signal when an object 1s 1n contact with the upper surface of
the tactile sensor 38. The determination information process-
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ing unit 59 performs processing based on these touch signals
to determine whether a passenger 1s on the vehicle or not. That
15, 1t determines whether soles are 1n contact with the footrest
10 or not based on the distribution of tactile sensors output-
ting touch signals. When the distribution of the tactile sensors
outputting touch signals resembles soles 1n shape, 1t 1s deter-
mined that a passenger 1s on the vehicle. Further, 11 not so, 1t
1s determined that an object other than a human 1s 1n contact
with the footrest 10.

Further, a position signal indicating the riding position 1s
input from the rding position sensing unit 14 to the sensor
processing unit 53. That 1s, the riding position sensing unit 14
outputs a position signal. The riding position sensing unit 14
includes tactile sensors 36 and a distribution information
processing unit 57. The riding position sensing unit 14
includes a plurality of tactile sensors 58. The plurality of the
tactile sensors 56 are arranged 1n array. Further, each tactile
sensor 36 outputs a touch signal when an object 1s 1n contact
with the upper surface of the tactile sensor 56. The distribu-
tion information processing unit 37 performs processing
based on information about the distribution of these touch
signals to calculate the nding position. A position signal 1s
input to the sensor processing unit 33. The sensor processing
unit 53 performs processing according to the position signal.

The sensor processing unit 53 changes its processing
according to the determination signal and the position signal.
Note that the details of this processing are explained later.
That 1s, this processing 1s different from one embodiment to
another in the following third to ninth exemplary embodi-
ments. Exemplary embodiments with regard to the control of
the vehicle shown in FIGS. 1 to 3 and 11 are explained
hereinafter. That 1s, the following third to minth exemplary
embodiments are exemplary embodiments with regard to the
vehicle 1 having a configuration shown in FIGS. 1to 3 and 11.

Note that similarly to the control calculation umit 51, each
of the sensor processing unit 53, the distribution information
processing unit 57, the determination information processing,
unit 59, and the like 1s composed of a CPU, a RAM, and the
like. Further, 1t performs arithmetic processing according to a
certain program. Needless to say, each of these processing
units as well as the control calculation umit 51 may have the
same physical configuration. That 1s, various processing and
calculation steps may be performed 1n a single arithmetic
processing circuit.

As described previously, the traveling speed 1s determined
according to the posture of the passenger. Therefore, when the
passenger wants to move forward at a high speed, the passen-
ger needs to incline his/her posture forward extensively.
However, as shown in FIG. 12, since the thighs 73 are 1n
contact with the seat surface 8a, the movement of the thighs
73 1s restricted by the shape of the seat surface 8a. As a resullt,
it 1s very difficult to increase the moment My. That 1s, when
the moment My 1s positive, it 1s very difficult to increase its
absolute value 1n comparison to when the moment My 1s
negative. Therefore, the sensor processing unit 53 performs
the following processing in this exemplary embodiment.

In this exemplary embodiment, the coellicient used to cal-
culate My' from My i1s changed depending on the sign of My.
That 1s, when My 1s positive, the coelficient 1s made larger
than when My 1s negative. In this way, it 1s possible to make
the value of My' larger when My 1s a positive value. For
example, the coellicient by which My 1s multiplied 1s changed
depending on whether My 1s a positive value or a negative
value 1n the conversion formula to convert My into My'. As a
result, even when My has the equal absolute value, the abso-
lute value of My' 1s changed depending on the sign of My. In
this way, even when the forward inclination angle of the
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posture of the passenger 71 1s small, the input moment value
becomes larger. The forward traveling speed can be made

larger. Therefore, since the passenger 71 does not need to
bend forward extensively, the operability can be improved.
Further, since the passenger does not need to bend forward
extensively, the passenger does not take such a posture 1n
which the passenger cannot easily look forward. Therefore,
the safety can be improved even when the vehicle moves
forward at a high speed.

For example, as shown in FIG. 14, when the passenger
inclines his/her posture by a forward-inclined angle . (a1s a
positive angle), the magnitude of the speed becomes equal to
that of the speed obtained when the passenger inclines his/her
posture by a backward-inclined angle 3 (3>c.). Note that FIG.
14 15 a s1de view for explaining the posture of a passenger and
the mput moment value. Even when the forward-inclined
angle o of the passenger 71 1s small, it 1s possible to increase
the input moment value My'. In this way, the forward travel-
ing speed can be made faster, and therefore the control can be
performed according to the intention of the passenger 71. In
this exemplary embodiment, when the passenger 1s 1n a neu-
tral posture, 1.e., when the passenger i1s on the vehicle in a
posture along the vertical direction, no forward movement
input 1s made. Further, the processing can be easily performed
by performing processing on the input moment value My' to
be 1nput to the control calculation unit 51. That 1s, the com-
plicated control calculation to obtain reference inputs can be
performed without considering whether the mput 1s for the
forward movement or for the backward movement. There-
fore, the control can be easily performed. Further, the vehicle
1 1n accordance with the third exemplary embodiment does
not use the posture sensing unit 4, the determination unit 12,
and the riding position sensing unit 14. Therefore, the provi-
s1ion of them 1s not indispensable 1n this exemplary embodi-
ment.

Fourth Exemplary Embodiment

In this exemplary embodiment, the sensor processing unit
53 performs processing to increase the input moment value
My' for the forward movement input as in the case of the third
exemplary embodiment. In this exemplary embodiment, the
position of the origin 1s shifted backward when the input
moment value My' 1s calculated from the moment My. That 1s,
while the yaw axis of the moment My measured in the force
sensor 9 1s located at the center of the force sensor 9, the
position of the yaw axis that 1s used when the input moment
value My' 1s calculated 1s shifted backward from the center of
the force sensor 9. In this way, an offset value 1s given to the
position of the yaw axis for the input moment value My'. In
this exemplary embodiment, the position of the yaw axis 1s
shifted backward 1n comparison to the position of the yaw
axis shown 1n FIGS. 13 and 14. In this way, when comparing
two states where the moments My take on a positive value and
a negative value respectively but have the same absolute
value, the absolute value of the mput moment value My'
converted from the positive moment My 1s larger than that of
the mput moment value My' converted from the negative
moment My. Therefore, the mput moment value My' can be
made larger when the moment My 1s a positive value.

Even 11 the passenger wants to accelerate to the same speed
in the forward and backward movements, the passenger can-
not easily take a forward-inclined posture because the move-
ment of the thighs 73 1s restricted by the seat surface 8a.
Therefore, 1t the passenger intends to move forward at the
same speed as the speed of the backward movement, the
torward-inclined angle a could become smaller than the
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backward-inclined angle (3. That 1s, although the passenger
thinks that he/she 1s bending at the same angle as the back-
ward-inclined angle, the forward-inclined angle o could
become smaller because the movement of the thighs 73 1s
restricted by the seat surface 8a. As a result, 1f there 1s no
offset 1s given to the position of the origin, the speed of the
torward movement could become lower than the intended
speed. That 1s, under original conditions, the mput moment
values My' do not have the same absolute value, unless the
backward-inclined angle p and the forward-inclined angle .
are equal to each other. Therefore, 1n this exemplary embodi-
ment, an offset 1s given to the position of the origin, 1.¢., to the
position of the yaw axis as shown in FIG. 16. That 1s, an
imaginary forward-inclined angle o 1s created by giving an
olfset. The imaginary forward-inclined angle a 1s larger than
the real forward-inclined angle. Therefore, the forward trav-
cling speed can be increased as the passenger intended.

For example, assuming that the position of the origin 1s -2,
when the moment My 1s a positive value, the output 1s added
by 2. Further, when the moment My 1s a negative value, the
output 1s reduced by 2. In this way, the input moment value 1s
increased by shifting the position of the yaw axis backward in
the calculation. To perform the processing like this, an offset
voltage 1s given to the output voltage from the force sensor 9.
Assuming that a positive voltage 1s output from the force
sensor 9 in the forward-inclined state and a negative voltage 1s
output in the backward-inclined state, the reference potential
1s set to a negative potential so that a positive voltage 1s
increased. As a specific example, assume a case where the
force sensor 9 outputs voltages ranging from -5V to +3V.
That 1s, the moment My 1s expressed by voltages from -5V to
+35V. Assuming that a positive voltage 1s output in the for-
ward-inclined state and a negative voltage 1s output in the
backward-inclined state, the reference voltage 1s setat -2V in
the sensor processing unit 53. In this case, the offset voltage
becomes -2V. As a result, when the output voltage from the
force sensor 9 1s in a range from -2V to 3V, 1t becomes a
forward movement input. Thus, the actual mput moment
value My' 1s calculated from moments My ranging from OV to
7V. Theretore, for the forward movement input, the input
moment value can be made larger than the moment My output
from the force sensor 9.

After an offset value 1s given to the measured moment
output from the force sensor 9 1n this manner, the input
moment value 1s calculated. As a result, the forward move-
ment operation can be easily performed as in the case of the
third exemplary embodiment. Needless to say, an oilset volt-
age may be given to the force sensor 9 1tself. Even when the
torward inclination angle of the posture of the passenger 71 1s
small, the forward traveling speed can be made larger. There-
tore, since the passenger 71 does not need to bend forward
extensively, the operability can be improved. Further, since
the passenger does not need to bend forward extensively, the
passenger does not take such a posture 1n which the passenger
cannot easily look forward. Therelore, the safety can be
improved even when the vehicle moves forward at a high
speed.

In this exemplary embodiment, when the passenger 1s 1n a
neutral posture, 1.e., when the passenger 1s on the vehicle in a
posture along the vertical direction, a forward movement
input 1s made. Further, the vehicle 1 1n accordance with the
fourth exemplary embodiment does not use the posture sens-
ing unit 4, the determination unit 12, and the riding position
sensing unit 14. Therefore, the provision of them 1s not indis-
pensable 1n this exemplary embodiment. Furthermore, this
exemplary embodiment may be combined with the third

exemplary embodiment.
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As described above, 1n the third and fourth exemplary
embodiments, the relation between the moment My and the

input moment value My' 1s changed between when the
moment My 1s a positive value and when the moment My 1s a
negative value. In a comparison between a state where the
passenger 71 takes a forward-inclined posture to input a for-
ward movement and a state where the passenger 71 takes a
backward-inclined posture to input a backward movement, 11
the absolute values of the moments My are the same 1n both
states, the absolute value of the input moment value My' in the
forward traveling state becomes larger than that 1n the back-
ward traveling state. Therefore, the forward movement opera-
tion can be easily performed. That 1s, 1t 1s possible to make the
forward traveling speed larger without having the passenger
bend forward extensively. Therefore, the vehicle can move as
the passenger intended.

Fifth Exemplary Embodiment

This exemplary embodiment uses the control in accor-
dance with the third or fourth exemplary embodiment. In this
exemplary embodiment, the coelfficient used 1n the third
exemplary embodiment 1s changed according to the situation.
That 1s, 1n the calculation to obtain an mput moment value
My' from a moment My, the coellicient by which the moment
My 1s multiplied 1s changed according to the situation. Spe-
cifically, the coetlicient 1s changed depending on whether a
passenger 1s on the vehicle or not. Alternatively, the offset
value 1s set to zero depending on whether a passenger 1s on the
vehicle or not.

In this exemplary embodiment, the determination unit 12
determines whether a passenger 1s on the vehicle or not. For
example, as shown 1n FIG. 17, tactile sensors 58 are provided
in the footrest 10. The tactile sensors 58 are arranged 1n array
on the surface of the footrest 10. Therefore, the shape of an
object that 1s in contact with the footrest 10 i1s recognized
based on the distribution of tactile sensors 38 outputting touch
signals. When an object in contact with the footrest 10
resembles typical soles in shape and there are two soles, 1t 1s
determined that a passenger 71 1s on the vehicle. In contrast to
this, when an object in contact with the footrest 10 1s signifi-
cantly different from typical soles in shape, 1t 1s determined
that no passenger 1s on the vehicle. In this way, the presence/
absence ol a passenger can easily and reliably determined by
providing tactile sensors 38 1n the footrest 10.

When a passenger 1s on the vehicle, the movement of the
thighs 73 of the passenger is restricted by the seat surface 8a.
Therefore, as shown in the third and fourth exemplary
embodiments, an 1input moment value for a forward move-
ment mnput is increased. In contrast to this, when no passenger
1s on the vehicle, the control shown 1n the third or fourth
exemplary embodiment i1s not performed. That 1s, when the
absolute values of the moments My are the same, the mput
moment values My' have the same absolute value. By doing
so, the vehicle can move as the user intended. That 1s, even
when the vehicle 1 1s operated with no passenger 71 on the
vehicle, the vehicle 1 can move at the intended speed.

For example, a passenger stands on the floor surface and
puts his’her hand on the seat surface 8a. Alternatively, a
passenger puts an object he/she wants to transport on the seat
surface 8a and puts his/her hand on the object. Then, by
applying a force with the hand to a direction to which he/she
wants to move the vehicle 1, the vehicle 1 moves to that
direction. In such a case, since the passenger 1s not on the
passenger seat 8, the passenger 1s not restricted because of
his/her thighs 73. Therefore, the passenger can apply a force
without any restriction. That 1s, since the passenger can apply




US 8,504,248 B2

27

a force to every direction 1 a similar fashion, there 1s no
substantial difference in the forward movement input and the
backward movement input. The offset 1s set to zero in both
forward traveling state and backward traveling state. Alterna-
tively, the coellicient 1s set to the same value. In this way, the 5
vehicle can move at a speed the passenger mtended. On the
other hand, when a passenger 71 1s on the passenger seat 8, the
torward movement input 1s made larger than the backward
movement input. In this way, it 1s possible to move the vehicle
as the passenger mtended. 10

Next, a control method for the vehicle 1 in accordance with
this exemplary embodiment 1s explained with reference to
FIG. 18. FIG. 18 1s a flowchart showing a control method 1n
accordance with this exemplary embodiment. After starting
up the vehicle 1, the reaction of the tactile sensors 1s checked 15
(step S101). That 1s, whether any object 1s 1n contact with the
tactile sensors 58 arranged in array or not i1s determined.
Then, the determination information processing unit 539 deter-
mines whether a passenger 1s on the vehicle or not. In this
example, when there are two soles, it 15 determined that a 20
passenger 1s on the vehicle. As a result, the vehicle enters a
riding mode. When the vehicle enters the rnding mode, the
coellicient adjustment and/or the offset position 1s applied
(step S102). As a result, reference inputs in which the coelli-
cient adjustment and/or the offset are taken 1nto account are 25
calculated. Then, the vehicle 1s operated based on these ret-
erence mputs (step S103). If not so, the vehicle enters a
non-riding mode. In the case of the non-riding mode, the
vehicle 1s operated without applying the coellicient adjust-
ment and the ofiset setting (step S103). That 1s, the same 30
coellicient 1s used for the positive and negative values. Alter-
natively, the offset value 1s set to zero. In this way, it 1s
possible to move the vehicle as the passenger intended 1rre-
spective of the presence/absence of the passenger. Accord-
ingly, the vehicle can move as the passenger 71 intended, and 35
therefore the operability can be improved. Note that 1n the
control method 1n accordance with the third and fourth exem-
plary embodiments, the step S101 1s eliminated and the steps
5102 and S103 are repeatedly performed.

Further, the determination unit 12 that determines whether 40
a passenger 71 1s on the vehicle or not 1s not limited to any
particular configurations. For example, tactile sensors 58 may
be disposed on the passenger seat 8. That 1s, a plurality of
tactile sensors 58 are arranged 1n array on the seat surface 8a.
Then, the presence/absence of a passenger can be determined 45
based on whether the distribution of tactile sensors 58 out-
putting touch signals resembles a shape of the combination of
buttocks and thighs or not. Further, instead of or 1n addition to
the tactile sensors 38, a camera may be used for the determi-
nation. For example, the presence/absence of a passenger can 50
be determined by recogmzing the face of the passenger with
a camera. Further, the weight of the object placed on the
passenger seat may be measured by the force sensor 9. Then,
when the weight of the placed object 1s substantially equal to
the weight of a human, 1t 1s determined that a passenger 1s on 55
the vehicle.

Needless to say, the presence/absence of a passenger may
be determined by combining two or more of the above-de-
scribed techniques. For example, 1t 1s possible to combine the
weight of the placed object measured by the force sensor 9 60
with the shape of soles recognized by the tactile sensors 38.
Then, only when both conditions for the presence of a pas-
senger on the vehicle are satisfied, 1t 1s determined that the
passenger 1s on the vehicle. That 1s, 11 at least one of the
conditions for the presence of a passenger on the vehicle 1snot 65
satisfied, 1t 1s determined that no passenger 1s on the vehicle.
In this way, it 1s possible to reliably determine the presence/
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absence of a passenger, and thereby to accurately switch the
vehicle between the riding mode and the non-riding mode.

Further, any technique capable of determining a situation that
a human 1s obviously on the vehicle may be used. Examples
of the technique include a technique to measure the shape of
buttocks with tactile sensors 38 provided on the seat surface
8a and a technique of detect the face and/or body of a human
with a built-in camera. By determining the presence/absence
ol a passenger with one or more of these various sensors 1n
this manner, 1t 1s possible to perform the optimal control
without making the passenger aware of 1t. Needless to say, 1t
1s also possible to provide a switch used to indicate that a
passenger 1s on the vehicle, and the determination 1s thereby
made by the passenger by operating the switch. Note that this
exemplary embodiment does not use the riding position sens-
ing unit 14 and the posture sensing unit 4. Therefore, the
riding position sensing unit 14 and the posture sensing unit 4
are not indispensable to the vehicle 1 1n this exemplary
embodiment.

Sixth Exemplary Embodiment

In this exemplary embodiment, an offset 1s given to the
output from the force sensor 9 as in the case of the fourth
exemplary embodiment. That 1s, an ofiset voltage 1s set for
measurement signals output from the force sensor 9. Further,
an offset value 1s also set for the moment Mx as well as the
moment My 1n this exemplary embodiment. Then, the offset
value 1s optimized according to the situation.

Assume a case where the passenger 71 grasps a piece of
baggage. For example, a situation where the passenger first
holds no baggage and then holds a piece of baggage 1s
explained with reference to FIGS. 19 and 20. FIG. 19 shows
a state where the passenger 71 holding no baggage is on the
vehicle, and FIG. 20 shows a state where the passenger 71
holding a piece of baggage 76 1s on the vehicle. Assume that
the position of the center of gravity 75 of the passenger 71 1s
located at the center of the seat surface 8a when passenger 71
sits on the passenger seat 8 without holding any baggage. In
this state, when the passenger grasps the baggage 76, the
position of the center of gravity 73 1s moved from the center
ol the seat surface 8a. For example, when the passenger holds
the baggage 76 with the left hand, the position of the center of
gravity 75 1s displaced to the left. In this way, the position of
the center of gravity 1s shifted to the side on which the pas-
senger holds the baggage 76. Therefore, when the passenger
wants to move straight, the passenger needs to incline his/her
posture to an obliquely left or right direction. Therefore, when
the position of the center of gravity 75 1s displaced, the per-
formance of the intended operation becomes difficult. That is,
the direction from the origin to the position of the center of
gravity 73 1s inclined with respect to the vertical direction.
Theretfore, even when the passenger 71 maintains the neutral
posture, moments Mx and My corresponding to the baggage
76 are detected.

To cancel the moments Mx and My caused by the baggage
76, an ollset 1s set to the output of the force sensor 9. In this
way, 1t 1s possible to move the vehicle as the passenger
intended 1rrespective of the weight of the baggage 76. Spe-
cifically, an on-board weight on the passenger seat 8 1s mea-
sured by the force sensor 9. Then, when the on-board weight
1s changed, an oilset 1s reset to a different value. In this way,
it 15 possible to move the vehicle as the passenger 71 intended
irrespective of the presence/absence of the baggage 76. That
1s, 1n the state where the passenger 71 i1s holding baggage,
when the passenger 71 wants to move straight, the passenger
71 takes a forward-inclined posture. Similarly, 1n the state
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where the passenger 71 1s holding no baggage, when the
passenger 71 wants to move straight, the passenger 71 takes a
forward-inclined posture. When the passenger performs the
same operation, the vehicle 1 performs the same action.
Accordingly, the vehicle can move as the passenger intended,
and therefore the operability can be improved.

Next, a control method for the vehicle 1 in accordance with
this exemplary embodiment 1s explained with reference to
FIG. 21. FIG. 21 1s a flowchart showing a control method of
the vehicle 1 1n accordance with this exemplary embodiment.
After starting up the vehicle 1, an on-board weight on the
passenger seat 8 1s measured by the force sensor 9 (step
S201). Then, the weight obtained 1n this measurement 1s
compared with the weight obtained 1n the previous measure-
ment (step S202). When the difference between the weight in
the current measurement and the weight in the previous mea-
surement 1s greater than a threshold, the offset 1s reset to a
different value (step S203). In this case, reference mnputs are
calculated by using the ofiset reset. Then, the process returns
to the step S201 1n which an on-board weight 1s measured. On
the other hand, when the difference between the current
weilght and the previous weight 1s smaller than the threshold,
reference mnputs are calculated without changing the offset.
Then, the process returns to the step S201 1n which an on-
board weight 1s measured. Further, after the comparison in the
step S202, the previous weight 1s replaced by the current
weight. In this way, the resetting of the offset can be easily
performed.

The offset 1s set to a value corresponding to the moments
Mx and My generated when the weight change occurs. When
the offset 1s to be reset, an output voltage corresponding to the
moments Mx and My measured by the force sensor 9 1s
defined as the offset voltage. An output voltage corresponding
to the moments measured when the weight change occurs 1s
used as the reference. That 1s, an output voltage output at the
timing when the weight change occurs becomes the offset
voltage. After the oflset voltage 1s updated, input moment
values are calculated based on a difference between the out-
put voltage corresponding to the moments measured at the
time of the occurrence of weight change and an output voltage
corresponding to moments measured after the occurrence of
weight change. For example, assume that the voltages corre-
sponding to the moments Mx and My are 1V and 2V respec-
tively when a weight change occurs. These voltages defined
as oilset voltages. In this case, the output voltage correspond-
ing to the moment Mx measured after this oflset-voltage
setting 1s reduced by 1V. Similarly, the output voltage corre-
sponding to the moment My 1s reduced by 2V. Then, after the
subtraction of the offset voltages, input moment values are
calculated. In other words, differences between moments
generated at the time of the offset setting and moments gen-
erated by a posture change are converted into input moment
values. Reference mputs are calculated based on the differ-
ences. The vehicle can be controlled 1n the same fashion by
the same driving method 1rrespective of whether the passen-
ger 1s holding the baggage 76 or not.

With the configuration like this, the offset 1s also set at the
timing when the passenger 71 adjusts his/her sitting position.
That 1s, when the passenger 71 adjusts his/her sitting position,
the buttocks come off the seat surface 8a. As aresult, the force
exerted on the seat surface 8a 1s temporarly weakened, and
therefore a weight change 1s detected. That 1s, the change of
the weight exceeds a threshold. Then, the offset setting 1s
performed at this timing. By doing so, the passenger can
operate the vehicle without being conscious that the passen-
ger holds the baggage 76. Therefore, the operability can be
improved. As described above, the ofiset setting 1s performed
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at the timing when the on-board weight on the riding portion
3 1s changed. In this example, the measurement result of the

force sensor 9 at the timing when the on-board weight 1s
changed 1s used as a reference offset value. Further, the on-
board weight is calculated based on the measured value from
the force sensor 9.

Note that although the offset setting 1s performed 1n
response to the weight change 1n the above explanation, the
timing at which the offset setting 1s performed 1s not limited
to this timing. For example, a switch for offset setting may be
provided 1n the vehicle 1, and the offset setting may be per-
formed by switching this switch. For example, a switch 77
may be disposed near the riding portion 3 as shown in FI1G. 20.
The offset setting 1s performed at the timing when the pas-
senger turns on the select switch. In this way, a stmilar advan-
tageous effect can be achieved. Further, the reset of the offset
value 1s also performed when the passenger passes the bag-
gage from one hand to the other hand without taking both
hands off the baggage at the same time.

It 15 also possible to monitor the motion of the passenger
with a camera to determine whether the passenger holds
baggage or not. Note that this exemplary embodiment does
not use the determination unit 12, the riding position sensing
umt 14, and the posture sensing unit 4. Therefore, the deter-
mination unit 12, the riding position sensing unit 14, and the
posture sensing unit 4 are not indispensable to the vehicle 1 1n
this exemplary embodiment. Needless to say, the on-board
welght may be detected by using a sensor other than the force
sensor 9. The use of the force sensor 9 for the detection of the
on-board weight eliminates the need of an additional sensor.

Seventh Exemplary Embodiment

In this exemplary embodiment, an offset 1s given according,
to distribution information supplied from the nding position
sensing unit 14 shown 1n FIG. 11. That 1s, an offset 1s given
according to the sitting position of the passenger. Note that
the way of giving an ofiset to the moments Mx and My 1s
similar to that in the fourth and sixth exemplary embodiments
and the like, and therefore its explanation 1s omitted. That 1s,
the reference potential for the output from the force sensor 9
1s adjusted.

Firstly, a configuration of tactile sensors 56 that are pro-
vided to give an offset 1s explained with reference to FIGS.
22, 23A, 23B and 23C. FIG. 22 15 a top view showing a
configuration of the tactile sensors 56 disposed on the seat
surface 8a. FIGS. 23 A, 23B and 23C are top views showing
shifts of the riding position on the seat surface 8a. As shown
in FI1G. 22, a plurality of tactile sensors 56 are arrange in array
on the seat surface 8a. The tactile sensors 56 have a resolution
at such a level that they can detect the shape of buttocks 72 and
thighs 73. That 1s, the tactile sensors 36 are arranged at such
intervals that they can recognize the shape of buttocks and
thighs. Then, the riding position 1s detected based on the
distribution of tactile sensors 56 outputting touch signals.
That 1s, a deviation amount from the normal riding position 1s
detected. By using a plurality of tactile sensors 56 in this way,
distribution i1nformation on the contact position can be
obtained. Then, the riding position 1s estimated based on this
distribution information.

For example, as shown 1n FI1G. 23 A, 11 the passenger sits 1n
a forward-right area with respect to the normal riding posi-
tion, the distribution information 1s changed. As a result, 1t 1s
determined that the riding position 1s changed, and therefore
an oifset 1s given to each of the moments Mx and My. Further,
as shown in FIG. 23B, 1f the passenger sits 1n a backward area
with respect to the normal riding position, an offset 1s given to
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the moment My. Furthermore, as shown in FIG. 23C, 1f the
passenger sits 1n a left area with respect to the normal riding,
position, an offset 1s given to the moment Mx. By giving
olfsets to measured moments in this manner, it 1s possible to
operate the vehicle by using the same driving method as the
driving method performed when the passenger sits in the
normal riding position.

For example, the offset 1s updated every time a significant
change occurs 1n the riding position. That 1s, the oft

set 1s reset
to a different value at the timing when the deviation amount of
the riding position exceeds the threshold. In this way, even
when the passenger adjusts his/her sitting position and the
riding position 1s thereby changed, the passenger can operate
the vehicle 1n the same fashion. For example, when the pas-
senger takes the neutral posture, the vehicle 1 stops moving.
Further, when the passenger wants to move forward, the pas-
senger takes a forward-inclined posture. In this way, the
vehicle can move as the passenger intended, and therefore the
operability can be improved.

Next, a control method for the vehicle 1 1n accordance with
this exemplary embodiment 1s explained with reference to
FIG. 24. FIG. 24 1s a flowchart showing a control method of
the vehicle 1 1n accordance with this exemplary embodiment.
After starting up the vehicle 1, the riding position 1s measured
by the riding position sensmg unit 14 (step S301) Then, the
riding position obtained in this measurement 1s compared
with the nding position obtained in the previous measurement
(step S302). When the difference between the riding position
in the current measurement and the rniding position 1n the
previous measurement 1s greater than a threshold, the offset1s
reset to a different value (step S303). Then, the process
returns to the step S301 1n which the rniding position 1s mea-
sured. Further, when the difference between the current riding
position and the previous riding position 1s smaller than the
threshold, the process returns to the step S301 in which the
riding position 1s measured. Further, after the comparison in
the step S302, the previous riding position 1s replaced by the
current riding position. In this way, the resetting of the offset
can be easily performed. The offset value can be determined
based on the distribution information and/or the riding posi-
tion. In this example, the processing 1s performed with the
same offset value until the ofiset 1s updated. Further, refer-
ence inputs are calculated based on mput moment values
obtained from the same offset value. These reference mputs
are output to the drwmg motors 603. For example, a relational
formula or a table of oilset values for distribution information
or riding positions 1s established 1n advance. In this way, the
olffset value can be easily calculated.

Further, when omnidirectional wheels are used for the
wheels 6, an offset may be also set to the moment Mz. That 1s,
when the passenger 1s on the vehicle while facing a direction
deviated from the exactly-forward direction around the yaw
axis, an oilset 1s set for the moment Mz. In this way, the
operability can be mmproved. Note that this exemplary
embodiment does not use the determination unit 12 and the
posture sensing unit 4. Therefore, the determination unit 12
and the posture sensing unit 4 are not indispensable to the
vehicle 1 1n this exemplary embodiment.

Note that although the timing at which the offset 1s set 1s
determined based on the change of the on-board weight and/
or the riding position 1n the sixth and seventh exemplary
embodiments, the timing at which the offset 1s set 1s not
limited to these timings. The oil

set can be set based on an
output from a sensor other than those sensors. Further, the
offset may be set by combining the sixth and seventh exem-
plary embodiments.
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Eighth F

Exemplary Embodiment

In the vehicle 1 shownin FIGS. 1 to 11, when the passenger
71 tries to accelerate the vehicle, the posture of the passenger
1s significantly inclined forward. For example, when the pas-
senger tries to move forward at a high speed, the passenger
needs to bend forward extensively. As a result, depending on
the posture of the passenger 71, the position of the center of
gravity of the vehicle 1 including the passenger 71 could go
out of the static stability area of the robot.

In this exemplary embodiment, a three-wheel type vehicle
1 1s adopted as shown 1n FIGS. 1 and 2. Therelore, the static
stability area 78 becomes a triangle as shown in FIG. 25. FIG.
235 1s a top view showing the static stability area of the vehicle
1. One wheel 6 1s disposed at each of the three vertices of the
triangle. When the passenger tries to accelerate the vehicle,
the position of the center of gravity goes out of the static
stability area 78. For example, when the angle of the forward-
inclined posture becomes too large, the position of the center
of gravity 75b to 75d goes out of the static stability area 78.
That 1s, the position of the center of gravity 75b to 75d 1s
located outside the static stability area 78.

In such a situation, the vehicle 1 1s 1n a very unstable state.
For example, the vehicle 1 could tumble down, or the wheel 6
could come off the ground. Further, i1 the rear wheel 602,
which 1s the dnving wheel, comes off the ground, the vehicle
cannot move 1n accordance with the passenger’s intention.
Therefore, 1n this exemplary embodiment, the vehicle 1s con-
trolled according to measurement signals from the force sen-
sor 9 so that the position of the center of gravity does not go
out of the static stability area 78. Specifically, the roll axis
mechanism and the pitch axis mechanism provided in the
vehicle 1 are actively driven 1n order to prevent the position of
the center of gravity going out of the static stability area 78.

In this exemplary embodiment, the roll axis mechanism
and the pitch axis mechanism shown i FIG. § are adopted.
The posture of the vehicle 1 1s changed by driving the drive
unit 5. Note that when the yaw-axis mechanism 501 1s not
driven, the provision of the yaw-axis mechanism 301 1s not
indispensable.

Next, the control to dnive the yaw-axis mechamsm 501,
pitch-axis mechanism 502, and roll-axis mechanism 503 1s
explained with reference to FIG. 26. FIG. 26 1s a block dia-
gram showing a configuration of a control system of the
vehicle 1 1 accordance with this exemplary embodiment. In
this exemplary embodiment, the detection result of the force
sensor 9 1s used to drive each mechanism. That is, the control
calculation unit 51 calculates target angles based on a detec-
tion result of the force sensor 9.

In this exemplary embodiment, the pitch-axis mechanism
502 and the roll-axis mechanism 503 are driven according to
a Torce exerted on the force sensor 9. For example, assume
that the force sensor 9 detects a moment My around the pitch
ax1s and a moment Mx around the roll axis. Then, the control
calculation unit 51 estimates the position of the center of
gravity according to these moments Mx and My measured by
the force sensor 9. Then, when the position of the center of
gravity 1s likely to go out of the static stability area, the target
angles of the pitch-axis mechanism 502 and the roll-axis
mechanism 503 are calculated. As a result, the seat surface 8a
rotates around the pitch axis and around the roll axis.

Specifically, i1t 1s determined whether the position of the
center of gravity 1s likely to go out of the static stability area
or not based on the moments Mx and My. When the position
ol the center of gravity 1s likely to go out of the static stability
area, the pitch-axis mechanism 502 and the roll-axis mecha-
nism 503 are driven 1n such directions that the moments Mx
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and My become larger. That 1s, the posture of the vehicle 1 1s
changed so that the input moment values Mx'and My' become
larger. In this way, the traveling speed can be increased with-
out having the passenger bend his/her posture extensively.
Therefore, 1t 1s possible to prevent the position of the center of
gravity from going out of the static stability area. For
example, when the passenger bends to the forward-right
direction, the vehicle 1 drives the pitch-axis mechanism 502
and the roll-axis mechanism 503 to incline the seat surface 8a
in such a manner that the forward-right portion of the seat
surface 8a moves upward and the backward-left portion
moves downward. As a result, the moments Mx and My are
increased and the traveling speed 1s thereby increased. There-
fore, 1t 1s possible to prevent the tumbling-down of the vehicle
1 as well as the levitation of the wheels 6, thus enabling the
vehicle to move with stability.

A control method for the vehicle 1 1n accordance with this
exemplary embodiment 1s explained with reference to FIG.
27. FI1G. 27 1s a flowchart showing a control method of the
vehicle 1 in accordance with this exemplary embodiment.
Firstly, the force sensor 9 detects moments Mx and My to
measure the position of the center of gravity (step S401).
Then, 1t 1s determined whether the position of the center of
gravity exceeds a threshold or not (step S402). When the
position of the center of gravity does not exceed the threshold
(No at step S402), 1t 1s determined that the position of the
center of gravity 1s not likely to go out of the static stability
area. As a result, the process returns to the step (step S401) 1n
which the position of the center of gravity 1s measured.

On the other hand, when the position of the center of
gravity exceeds the threshold (Yes at step S402), 1t 1s deter-
mined that the position of the center of gravity 1s likely to go
out of the static stability area. As a result, the control calcu-

lation unit 51 determines the joint angles by referring to a
table (step S403). That 1s, the rotation angles of the pitch-axis
mechanism 502 and the roll-axis mechanism 3503 are calcu-
lated. Note that this table 1s established 1n advance according
to the weight of the vehicle 1 and 1ts balance. For example, a
table showing the relation between moments Mx and My and
joint angles 1s established 1n advance. In this way, when
moments Mx and My are determined, joint angles are also
determined according to those moments. The target joint
angles of the pitch-axis mechanism 502 and the roll-axis
mechanism 503 are calculated. Alternatively, the target joint
angles of the pitch-axis mechanism 502 and the roll-axis
mechanism 503 may be calculated by using a control formula.
Then, the control calculation unit 31 outputs reference
inputs to the pitch-axis mechanism 302 and the roll-axis
mechanism 503 to drive the pitch-axis mechanism 502 and
the roll-axis mechanism 503 (step S404). As a result, the
moment Mx and My are increased and the traveling speed 1s
thereby increased. Therefore, the vehicle 1s accelerated to a
desired speed without having the passenger bend his/her pos-
ture further. As a result, the reduction of the risk of tumbling,
down and the speed-up can be achieved at the same time.
Note that although the determination whether the position
ol the center of gravity 1s likely to go out of the static stability
area or not 1s made by using the moments Mx and My 1n the
above explanation, the determination may be made according
to the vanations (differentiations with respect to time) of the
moments Mx and My. Needless to say, the determination may

be made according to both the moment values and the varia-
tions of the moments.

Note that although the posture of the vehicle 1 1s controlled
by inclining the seat surface 8a 1n the above explanation, this
exemplary embodiment 1s not limited to this configuration.
That 1s, the configuration to increase the moments 1s not
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limited to the pitch-axis mechanism 502 and the roll-axis
mechanism 503. For example, the moments may be increased

by driving the footrest 10. That 1s, amotor and a speed reducer
may be provided in the footrest 10 so that the footrest 10 can
be driven in the forward-and-backward direction or the up-
and-down direction. Then, the footrest 10 capable of moving
in the up-and-down direction or the forward-and-backward
direction 1s driven according to the output from the force
sensor 9. In this way, 1t 1s possible to achieve a similar advan-
tageous eflect to that achieved by inclining the seat surface
8a.

For example, a footrest drive unit 17 that drives the footrest
10 i the forward-and-backward direction 1s provided as
shown 1n FIG. 28. The footrest drive unit 17 1s composed of a
motor, a speed reducer, and the like. The footrest drive unit 17
moves the upper part of the footrest 10, 1.e., the surface on
which the feet are placed 1n the forward-and-backward direc-
tion. By changing the position of the footrest 10, the knee
angles ol both legs are changed. The posture of the passenger
1s changed, and the force exerted on the force sensor 9 is
thereby changed. In this process, the footrest 10 1s moved to
such a direction that the force exerted on the force sensor 9 1s
increased. As a result, the reduction of the risk of tumbling
down and the speed-up can be achieved at the same time. Note
that this exemplary embodiment does not use the determina-
tion unit 12, the rniding position sensing unit 14, and the
posture sensing unit 4. Therefore, the determination unit 12,
the riding position sensing unit 14, and the posture sensing
unit 4 are not indispensable to the vehicle 1 1n this exemplary
embodiment.

Ninth Exemplary Embodiment

In this exemplary embodiment, the coellicient adjustment
or the oflset 1s changed according to a detection result 1n the
posture sensing unit 4 shown in FIG. 11. That 1s, the coetii-
cient shown 1n the third exemplary embodiment or the offset
shown 1n the fourth and sixth exemplary embodiments 1s
changed based on the output from the posture sensing unit 4.

As shown 1n FIG. 29, when the vehicle 1 moves from a flat
surface to an 1inclined surface, the input to the force sensor 9
1s changed. In such a case, even when the passenger maintains
the same posture, the traveling speed 1s changed. For
example, when the vehicle moves on a downward slope, the
riding surface 1s inclined forward. As a result, as shown in
FIG. 29, the posture of the passenger 71 1s inclined backward
with respect to the riding surface, and therefore the force
sensor 9 detects a backward movement input. Therefore, the
vehicle cannot move down the downward slope. Further,
when the vehicle moves on an upward slope, the riding sur-
face 1s inclined backward. As a result, the passenger 71 bends
torward with respect to the riding surface. Accordingly, the
force sensor 9 detects a forward movement imput larger than
necessary, and therefore the vehicle cannot move up the
upward slope 1 accordance with the passenger’s intention.
Further, 11 the vehicle moves 1n such a situation that the left or
right side of the floor surface 1s raised, a turning nput 1s
detected. As a result, the vehicle turns left or right.

Accordingly, 1n this exemplary embodiment the coetficient
or the offset 1s optimized according to the output from the
posture sensing unit 4 For example, a table showing the
relation between posture angles detected by the posture sens-
ing unit 4 and coetlicients 1s established 1n advance. Alterna-
tively, a table showing the relation between posture angles
detected by the posture sensing unit 4 and oflsets 1s estab-
lished 1n advance. For example, as shown in FIG. 30, the
reference position used in the input moment value calculation
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1s shifted backward. An offset to given the moment My so that
the yaw axis 1s shifted backward. An offset 1s given so that the
input moment value 1s increased. The change of the mput
moment values Mx' and My' caused by the posture change of
the vehicle 1 1s reduced. Therefore, even when the vehicle 1s
moving on an inclined surface, it 1s possible to operate the
vehicle 1n the same fashion by the same operation as the
vehicle 1s moving on a flat surface. As a result, the operability
can be improved.

Needless to say, this exemplary embodiment 1s not limited
to the configurations 1n which the offset setting 1s changed.
For example, the coelficient may be adjusted according to the
posture change. That 1s, the relation between the input
moment values and the moments may be changed according,
to the posture angle of the chassis 13 detected by the posture
sensing unit 4.

Next, a control method for the vehicle 1 in accordance with
this exemplary embodiment 1s explained with reference to
FIG. 31. FIG. 31 1s a flowchart showing a control method of
the vehicle 1 in accordance with this exemplary embodiment.
Firstly, when the vehicle 1 1s driven, the posture 1s checked by
the posture sensing unit4 (step S501). That 1s, a posture angle
around each axis 1s measured. Then, an offset 1s set according
to the measured inclination angle of the vehicle 1 (step S502).
The offset 1s determined by using a table showing relation
between posture angles and offset values or a relational for-
mula to calculate an offset from a posture angle. Needless to
say, the coetlicient adjustment may be performed instead of or
in addition to the offset setting.

Then, the vehicle control 1s performed based on the force
sensor (step S503). At this point, the offset has been changed
according to the posture angle. Since the offset has been
optimized, the position of the origin of the input moment
values 1s changed. In this way, the vehicle 1 moves on the
inclined surface with the normal operation for the passenger.
It 1s possible to move the vehicle as the passenger intended,
and therefore the operability can be improved. The vehicle 1
in accordance with the third exemplary embodiment does not
use the determination unit 12 and the nding position sensing,
unit 14. Therefore, the provision of them 1s not indispensable
in this exemplary embodiment.

Further, the present invention 1s not limited to the wheel-
type vehicle 1, and 1s also applicable to walking-type
vehicles. That 1s, the present invention can be applied to any

vehicle equipped with a traveling mechanism to move the
main body such as the chassis 13 with respect to the floor
surface.

Further, two or more of the exemplary embodiments can be
combined with each other as appropriate. For example, the
first and second exemplary embodiments may be combined,
so that when the vehicle 1s moving on a flat surface, the
control 1s performed 1n accordance with the first exemplary
embodiment, whereas when the vehicle 1s moving on an
inclined surface, the control 1s performed 1n accordance with
the second exemplary embodiment. The determination
whether the surface 1s flat or inclined may be made by the
posture sensing unit 4. Further, for example, the first and third
exemplary embodiments may be combined, so that the
vehicle can move more accurately in accordance with the
passenger’s intention and the operability can be improved
even further.

So far, the present invention has been explained with ret-
erence to exemplary embodiments. However, the present
invention 1s not limited to the above-described exemplary
embodiments. Various modifications can be made to the con-
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figuration and the details of the present imnvention by those
skilled 1in the art without departing from the scope of the
present 1nvention.

This application 1s based upon and claims the benefit of
priorities from Japanese patent application No. 2008-234560,

filed on Sep. 12, 2008 and Japanese patent application No.
2008-233592, filed on Sep. 11, 2008, the disclosures of which

are incorporated herein 1n their entirety by reference.

INDUSTRIAL APPLICABILITY

The present mvention can be widely applied to vehicles
that move with a passenger riding thereon.

REFERENCE SIGNS LIST

1 VEHICLE

2 FRAME UNIT

3 RIDING PORTION

4 POSTURE SENSING UNIT

5 DROVE UNIT

501 YAW-AXIS MECHANISM

301a ENCODER

502 PITCH-AXIS MECHANISM

302a ENCODER

503 ROLL-AXIS MECHANISM

503a ENCODER

603 DRIVING MOTOR

603a ENCODER

6 WHEEL

601 FRONT WHEEL

602 REAR WHEEL

603 DRIVING MOTOR

603a ENCODER

7 PASSENGER SEAT

8a SEAT SURFACE

9 FORCE SENSOR

10 FOOTREST

11 HOUSING

12 DETERMINATION UNIT

13 CHASSIS

14 RIDING POSITION SENSING UNIT
17 FOOTREST DRIVE UNIT

51 CONTROL CALCULATION UNIT
52 BATTERY

33 SENSOR PROCESSING UNI'T

71 PASSENGER

72 BUTTOCK

73 THIGH
75 POSITION OF CENTER OF GRAVITY
76 BAGGAGE
77 SWITCH
78 STATIC STABILITY AREA

201 FIRST PARALLEL LINKAGE
201 HORIZONTAL LINK

2015 VERTICAL LINK

202 SECOND PARALLEL LINKAGE
202a HORIZONTAL LINK

2026 VERTICAL LINK

301 SUPPORT SHAFT

The mvention claimed 1s:

1. A vehicle comprising:

a passenger seat on which a passenger rides on;

a main body that support the passenger seat;

a traveling mechanism that moves the main body;

a sensor that detects weight shift of the passenger when the
passenger shiits his/her weight to iput a direction the
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passenger wants to move, and outputs a measurement
signal indicating a plurality of moments according to a
force exerted on a seat of the passenger seat;

a passenger-seat drive mechanism that drives the passenger
seat so as to change an angle of the seat surface of the
passenger seat; and

a control calculation unit that calculates a reference input
used to drive the traveling mechamism and the passen-
ger-seat drive mechanism based on a drive amount of the
passenger-seat drive mechanism, a balanced position
posture of the passenger seat, and the measurement sig-
nal from the sensor.

2. The vehicle according to claim 1, further comprising a
posture sensing unit that outputs a signal according to a pos-
ture angle of the vehicle,

wherein the balanced position posture of the passenger seat
1s changed according to an output of the posture sensing
unit.

3. The vehicle according to claim 2, wherein the balance
position posture of the passenger seat 1s changed so that a
riding surface of the passenger seat becomes horizontal.

4. The vehicle according to claim 1, wherein the balance
position posture of the passenger seat 1s unchanged 1rrespec-
tive of a traveling state of the vehicle.

5. The vehicle according to claim 1, wherein

a target drive amount of the passenger-seat drive mecha-
nism 1s calculated based on the drive amount of the
passenger-seat drive mechanism, the balanced position
posture of the passenger seat, and the measurement sig-
nal from the sensor, and

a forward/backward movement speed of the vehicle 1s cal-
culated based on the target drive amount of the passen-
ger-seat drive mechanism.

6. The vehicle according to claim 1, wherein

the traveling mechanism comprises a first wheel, and

the vehicle further comprises a second wheel, the second

wheel arranged so as to be located apart from the first
wheel 1n a forward/backward direction.

7. The vehicle according to claim 1, wherein

the sensor outputs a plurality of moments according to a
force exerted on a seat surface of the passenger seat;

wherein the control calculation unit calculates a reference
input used to drive the traveling mechanism and the
passenger-seat drive mechanism based on a drive
amount of the passenger-seat drive mechanism, a bal-
anced position posture of the passenger seat, and the
plurality of moments from the sensor;

wherein the control calculation unit 1s programmed to con-
vert the plurality of moments 1nto corresponding input
moment values: and

wherein, for one of the plurality of moments, an absolute
value of a corresponding input moment value 1s calcu-
lated to be larger when the one of the plurality of
moments 1s positive as compared to when 1t 1s negative.

8. The vehicle according to claim 1, wherein

the sensor outputs the plurality of moments according to a
force exerted on a seat surface of the passenger seat;
wherein the sensor further measures an on-board weight
of the passenger seat; and

wherein the control calculation unmit applies offset values to
the plurality of moments according to the on-board
weight of the passenger seat; wherein the control calcu-
lation unit further calculates a reference mput used to
drive the traveling mechanism and the passenger-seat
drive mechanism based on a drive amount of the passen-
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ger-seat drive mechanism, a balanced position posture
of the passenger seat, and the plurality of moments from
the sensor.

9. The vehicle according to claim 1, further comprising a
plurality of tactile sensors disposed on the passenger seat that
output touch signals according to a seating position of the
passenger on the passenger seat;

wherein the sensor 1s a force sensor that outputs a plurality
of moments according to a force exerted on a seat sur-
face of the passenger seat; and

wherein the control calculation unit applies oflset values to
the plurality of moments according to the touch signals
of the tactile sensors; wherein the control calculation
unit further calculates a reference iput used to drive the
traveling mechanism and the passenger-seat drive
mechanism based on a drive amount of the passenger-
seat drive mechanism, a balanced position posture of the
passenger seat, and the plurality of moments from the
force sensor.

10. A control method for a vehicle, the vehicle comprising:

a passenger seat on which a passenger rides on;

a main body that support the passenger seat;

a traveling mechanism that moves the main body;

a sensor that detects weight shift of the passenger when the
passenger shifts his/her weight to mput a direction the
passenger wants to move and outputs a measurement
signal indicating a plurality of moments according to a
force exerted on a seat of the passenger seat; and

a passenger-seat drive mechanism that drives the passenger
seat so as to change an angle of the seat surface of the
passenger seat, the control method comprising:

a step of mputting a balanced position posture of the pas-
senger seat; and

a step of calculating a reference mput used to drive the
traveling mechanism and the passenger-seat drive
mechanism based on the measurement signal from the
sensor, the balanced position posture, and a drive
amount of the passenger-seat drive mechanism.

11. The control method for a vehicle according to claim 10,

wherein

a signal according to a posture angle of the vehicle 1s output
by a posture sensing unit provided 1n the vehicle, and

the balanced position posture of the passenger seat 1s
changed according to an output of the posture sensing
unit.

12. The control method for a vehicle according to claim 11,
wherein the balance position posture of the passenger seat 1s
changed so that ariding surface of the passenger seat becomes
horizontal.

13. The control method for a vehicle according to claim 12,

wherein the balance position posture of the passenger seat
1s unchanged 1rrespective of a traveling state of the
vehicle.

14. The control method for a vehicle according to claim 10,
wherein

a target drive amount of the passenger-seat drive mecha-
nism 1s calculated based on the drive amount of the
passenger-seat drive mechanism, the balanced position
posture of the passenger seat, and the measurement sig-
nal from the sensor, and

a forward/backward movement speed of the vehicle 1s cal-
culated based on the target drive amount of the passen-
ger-seat drive mechanism.

15. The control method for a vehicle according to claim 10,

wherein

the traveling mechanism comprises a first wheel, and
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the vehicle further comprises a second wheel, the second
wheel arranged so as to be located apart from the first
wheel 1 a forward/backward direction.

16. The control method for a vehicle according to claim 10,
wherein the sensor outputs a plurality of moments according 53
to a force exerted on a seat surface of the passenger seat and
the control calculation unit calculates a reference input used
to drive the traveling mechanism and the passenger-seat drive
mechanism based on a drive amount of the passenger-seat
drive mechanism, a balanced position posture of the passen- 10
ger seat, and the plurality of moments from the sensor, further
comprising;

a step of converting the plurality of moments into corre-

sponding input moment values,

wherein, for one of the plurality of moments, an absolute 15

value of a corresponding input moment value 1s calcu-
lated to be larger when the one of the plurality of
moments 1s positive as compared to when 1t 1s negative.
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